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General Introduction 


Scientific discoveries, and their applications in industry, communica- 
tions, agriculture, medicine and war, have caused great changes in 
the lives and habits of most of mankind during the last 150 years. 
Men's ways of thought are not yet accustomed to this change. 

Because of the destructive power of some scientific inventions, 

many men have lost faith in the future of mankind; because of the 
marvellous power of other scientific inventions to increase the well- 
being of mankind, many men have expected Science to find an 
answer to all life's problems. Both of these views of Science show a 
misunderstanding of what Science is and what scientists can or cannot 
do. How can such misunderstandings be prevented? 
i It is not enough to train expert scientists; they are necessary, but 
it is equally necessary that ordinary folk should know what scientists 
try to do and how they try to do it. Before they can understand the 
Scientists" work, non-scientists must first learn what Science is. For 
this, a knowledge of scientific facts and principles is not as important 
às an understanding of Science and the methods used in its study. 
And this understanding of Science must become a part of man's 
everyday life and thought. 

Understanding comes through education; but the understanding 
Of Science must not remain merely an aim of education: it must 
become part of it. In schools, isolated courses in one or another 
aspect of science must be replaced by a view of Science as a whole, 
and of its part in learning. 

That is the basis of the project, in this series of books, to advise 
and help teachers of Science. The emphasis is put on methods of 
teaching and lines of approach to the subject matter, rather than 
Оп the content of a syllabus. It is hoped that, by the use of good 
methods, the teacher will be able to lead his pupils towards an appre- 
ciation of scientific methods and an understanding of Science. 
Through sound education, not only will the few receive the basic 
training that will fit them for specialization later, but the many will 
Stow up with an intelligent grasp of Science and its significance in 
their social and economic life. 


THE SCOPE OF THE SERIES 


There are ten volumes in the series, designed specially for Science 
teachers in tropical areas and countries that are not yet highly 
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organized and industrialized, and where the applications of science 
are not yet apparent in the daily life of all citizens: 


I The Teaching of Science in Tropical Primary Schools 
II The Teaching of Rural Science in Tiopical Primary Schools 
ПІ The Teaching of Health Science in Tropical Primary 
Schools 
IV The Teaching of Home Science in Tropical Primary Schools 
V The Teaching of Arithmetic in Tropical Primary Schools 
УІ The Training of Primary School Science Teachers 
VII The Teaching of General Science in Tropical Secondary 
Schools 
УШ The Teaching of Physics in Tropical Secondary Schools 
IX The Teaching of Chemistry in Tropical Secondary Schools 
X The Teaching of Biology in Tropical Secondary Schools 


Volume I is concerned with the teaching of Science to children 
in the age-group 6-12 approximately, who are receiving their first 
formal education. It is designed for students in teacher-training 
colleges and practising teachers in primary schools. They are shown 
how to make the most of the children's natural interests. 

Volumes II, III and IV are also written mainly for the benefit of 
the primary school teacher. They treat Science at the same level as 
Volume I, but from different aspects. Thus, Volume II is of especial 
value to teachers in rural schools: it does not give instruction about 
the teaching of *Farming or ‘Agriculture’, but uses these activities 
to give practical examples of scientific methods and principles in 
action. Similarly, in Volume III the importance of Health is the 
theme of Science teaching. The book will help any teacher, and will 
be of particular use to those in places where great efforts are bein gor 
should be made to raise standards of health. Volume IV associates 
the teaching of Science with life in the home, as the basis of a Science 
course for girls. 

Volume V deals with the fundamen 
component of Science. 

Volume VI is concerned with the training of teachers who are to 
give the science lessons in primary schools, and who, it is hoped, will 
adopt the methods Suggested to them in Volumes I to V. 

Volume УП carries the teaching of General Science to the earlier 
years of a secondary course: 4-5 years in the age-group 11-18 
approximately. It shows how the work can be regarded both as a 
course of educational value for its own sake and also as a foundation 
for further studies. It gives full information on laboratory design and 
organization, minimum equipment, and maintenance. 


tals of Arithmetic as an essential 
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Volumes VIII, IX and X discuss the teaching of the three branches 
of Science usually taught in the higher classes of secondary schools. 
The place and treatment of these subjects in junior work also is con- 
sidered briefly. The chief aim of these three volumes is to assist the 
teacher of students who are beginning to specialize, probably with 
а university career in view, i.e. those who are undertaking 'sixth- 
form’ or ‘scholarship’ or ‘first-year undergraduate’ studies. 


THE AIMS OF THE SERIES 


Thus, the intention of this series of books may be summarized as 
follows: 

(a) To help teachers of Science to realize the importance of their 
work in the community; to help them to guide their pupils to an 
understanding of the significance of everyday occurrences and experi- 
ence; and so to educate them to take an intelligent interest in social 
and economic affairs and to be useful members of their community. 

P (b) To show how Science instruction can be organized as a con- 
tinuous whole, in accordance with modern views of co-ordinated 
teaching, and how it can be adapted to meet any special requirements 


of a particular type of school. 
(с) To suggest а comprehensive scheme of teaching based on sound 


educational and psychological principles. 

(d) On the basis of the practical teaching experience of the authors 
and the general editor and their advisers, to outline the content of 
Science teaching from the Primary to the Pre-University level. 

This series originates in the need, so often expressed to the United 
Nations Educational Scientific and Cultural Organization, especially 
by those responsible for education in tropical countries, for more 
and better science teaching in primary and secondary schools. These 
educationists share world-wide opinion that training in Science 1s 
essential to modern education, to the improvement of health and 
living conditions and to the promotion of agriculture and industry. In 
Tesponse to their appeal Unesco conceived the plan and the method 
Of presentation of the series and subsidized the preparation of the 
ten manuscripts. Responsibility for choosing the authors and the 
general editor and for the cost of publication was undertaken by 
the Oxford University Press in agreement with Unesco. 


Preface to Volume VIII 


rned with the teaching of Physics to pupils in 
mately). The author has twenty years’ 
) followed by five university years іп 
Which to consider, correlate and arrive at conclusions about second- 
ary school science: in other words, to apply scientific methods of 
thought to the exposition of science teaching. This book is one result. 


It is hoped that the book will be of help to young teachers and 
teachers-in-training. Also that it will prove useful to more experi- 
enced teachers: first, in providing summaries of their own conclu- 
Sions; secondly, perhaps, in suggesting points of view they have not 
Previously examined closely; and thirdly, in advancing opinions 
which differ from theirs. Fortunately, we do not all think alike, and 
we do not all use the same methods. Hence this book should be re- 
garded, not as a blue-print for ‘correct’ physics teaching (whatever 
that may mean), but rather as a source-book for ideas and of sug- 
Bestions that may lead to new ideas. 

The book deals with the whole of Physics up 10 the pre-university 
level, taught as a separate subject. Nevertheless, the author approves 


of the integration of Physics with General Science during the first 
year or two of the school course. Emphasis should be placed on the 
ing a laboratory for 


Pupil rather than the subject; and to a child enter! 
isi f science into physics, chemistry, etc., 


the first time, the sub-division o 
is meaningless. The lessons soon enough begin to sort themselves 
naturally and conveniently into separate subjects; so the teacher 
Should always try to choose his illustrations and examples from as 
Wide as possible a range of phenomena in the world outside the 
a particular, of course, from happenings experienced by the 
child. * 

For convenience, the book h 
Pupil is the first consideration in 


ject of Part II, and the teacher him п 
he various teaching aids аге discussed in Part IV, while Part V con- 


tains outlines of syllabuses, with suggested methods of approach and 
€xperiment. Part VI, as is fitting in a work dignified by the name of 
Handbook’, supplies some physical data and also lists of books, 
apparatus, etc., likely to Prove useful to the teacher. 

ysics will find Volume УП (General Science) 


This volume is conce 
the age-group 11-19 (approxi 
experience of such teaching, 


as been divided into six parts. The 
Part I, the laboratory the main sub- 
self the central theme of Part П. 


* 
The tea Ph 
of value to cher of elementary 
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PART I—AIMS, METHODS AND 
SYLLABUS 


por readers may think that this part 
‘Sur etus problems of teaching Phy 
the ely’, they may say, ‘aims, methods and s 
i an throughout the world. In sa, 
УУ certainly true that the detailed in 
self everyday illustrations and examples be ch 
- with reference to his own area—indee 

ool and neighbourhood. The principles are th 


b E SL ONE 
ut methods of presentation and application. vary according to 


circumstances. 

С онеш. details cannot be worked out satisfactorily unless basic 
ha аа principles have first been agreed upon and understood. Further, 
оша уед the first criterion for the inclusion of any subject 
Gren e its educational value for the pupils. Since Physics has been 
mw by the secondary schools, it must be taught in such a way that 
ind S. not only ‘learn’ but understand. Physics must be studied and 
understood in a way that makes it a part of @ full (and not just a 


scienti E rb 
cientific’) education. Therefore the teaching must be sound, its aims 
he methods the best ауай- 


defin: 

Anite; the syllabus must be suitable and t 

jn е. So, if his pupils are to be led to genuine understanding, every 
acher should have a grasp of the fundamental principles of teaching, 


4 jg as of Physics, in the light of ‘modern ideas". 
3 his is particularly true in places where the teaching of Physics is a 
mparatively recent introduction, or where it is being rapidly extended, 
inning ‘to specialize’ 


and it ; ) 1 
d it is particularly important when pupils are beginn 
the course may easily be lost if 


i: үе аеру stage. The value of 4 | lo 
A HET merely follows some scheme devised. for different conditions. 
cas, e later parts of this book many details are discussed, but, in most 

es, only general recommendations can be made. The individual 


teq 
cher should make sure of his aims and methods; only then can he take 
] examples to the special interests, 


th à 
es MOOD for adapting typica 
5, background, environment and knowledge of his own pupils. 


СНАРТЕВ І œe 


Why Teach Science? 


Variety of reasons 


There is a well-known Story about a number of small boys playing 
with a ball, kicking it around one to another in a keen and energetic 
manner. Finally the ball was kicked out of the compound into the 
bush, and much time was spent looking for it. One cager, impatient 
little boy called out *Never mind the ball, let us get on with the game." 
Similarly, teachers of science are often impatient to get on with their 
science teaching, and often, too, they do not worry about why science 
should be taught. The analogy is not quite exact, however: the 
young footballer did not worry about the ball, but it is often the 
'goal', the aims and objects of science teaching, that the science 
teacher does not stop to consider. He wisely concentrates attention 
on the material (the Syllabus) and the method of science teaching. 
However, it is not only logical, but also useful, to begin a study of 
any branch of science teaching by asking, ‘Why teach science?’ Con- 
sideration of aims may guide subsequent decisions on the Syllabus 
and method, subjects of more immediate and direct importance: an 
answer to ‘Why?’ helps us to answer ‘What?’ and ‘How? So let us 
ask, in this chapter, ‘What claims for space, in a School time-table, 
can be put forward on behalf of Science in general, and Physics in 
particular? What educational values does science possess that are not 
possessed equally, or in greater measure, by other subjects? What 
aims should the physics teacher have in mind?' АП of us who are 
teachers of Physics must be able to give some answers to these 
questions; and even those still in training may be helped towards the 

wn experience of having been taught. Let the 


I ‹ ew moments, take up pencil and paper, and 
jot down very briefly his own ideas about why science should be 


У 
WHY TEACH SCIENCE? 3 


1. Children find interest in Science. If a subject has interest, it has 
vitality. Children enter the laboratory keen to handle new things, 
to explore a subject they believe to be interesting and exciting, to 
find out things for themselves. They do not ask for much: they do 
not expect complicated and marvellous experiments—quite simple 
things will do so long as they themselves can do them, so long as 
they are not thwarted by having around them too many interesting 
things that they are never allowed to touch. Science teachers have 
à great advantage over teachers of less practical subjects: let us 
therefore plan our course and adjust our teaching methods so that 
we do not throw away this advantage. Let us make use of the 
child's eagerness in the right way, for the abundant energy of 
children, like atomic energy, may easily be misdirected. 

2. Science helps to make pupils think. It does not do this by telling 
them to think (we remember à teacher shouting at us *Think, boy, 
think', and our minds immediately becoming completely blank), 
but by leading them imperceptibly and without tedium to pose a 
problem, to solve it in a typical case, and to draw general con- 
clusions. Physics, in particular, is a ‘discipline’ in the best sense of 
the word; and, moreover, no other scientific subject is so well 


suited for this kind of training. This links with: 
ics especially, is better fitted 


3. An attitude to life. Science, and Physi ially, is 
than other subjects to develop the ability to distinguish fact from 
d base conclusions on the 


opinion, and to form judgements an с ) 
known data. Prejudice, superstition and dogmatic assertion are the 


enemies of progress and vigorous development. The scientific 
Spirit implies belief in a rational universe, and scientific studies 
Should. form the basis of an attitude to life. We must not claim, 
however, that science is the only subject that teaches us to make 
Sound judgements on clear evidence, or to avoid prejudice and 
dogmatic assertion. The same spirit may be found in those who 
Study any subject by means of research and investigation, as in the 
case of historians studying the contents of ancient documents. 
Neither is it by any means true that the pronouncements of 
Scientists have always been free from ‘prejudice and dogmatic 
assertion’. What we do claim is that, in most scientific subjects and 
certainly in Physics, the method of posing a problem, finding 
the facts and drawing conclusions can very easily be applied. 
It can be applied to the everyday objects with which the pupil 


is surrounded, to air, water and many other things; and to 
the everyday happenings which he experiences, to mechanical 
Movement and forces, changes of temperature, sounds, light and 


darkness, 
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4. The need for a scientifically educated democracy. Another im- 
portant reason for teaching science is based in part upon the hope 
that we may succeed in developing in our pupils a scientific, unpre- 
judiced and truthful attitude to life (referred to in 3 above), and in 
part upon the hope that we may convey to them not only some 
knowledge of scientific principles, but also some understanding 
of the ways in which science progresses. The improved health, the 
material prosperity, the higher living standards that the appli- 
cations of science can bring, are of the greatest importance all over 
the world. More especially is this so in countries having great 
resources not yet fully developed, and where standards of life are 
at present very low. Scientists and inventors do better work when 
their efforts do not meet with blind opposition, and when the 
spirit of the times is in sympathy with them. Silly questions merit 
silly answers, and members of a scientifically educated democracy 
would ask fewer silly questions: they would understand the use- 
fulness of the expert, the kind of problem he may reasonably be 
expected to solve and the kind of advice he is likely to give. Such 
a democracy would make good use of its experts as its servants, 
without allowing them to become its masters. This naturally leads 
us to: А 

5. The vocational motive, the training of the expert. But the effect of 
vocational training on teaching in schools must not be over- 
Stressed, for very few, if any, of our pupils will be able to earn their 
livings by means of the knowledge we give them. Almost always 
the work we do in Physics is leading up to Something else, and 
those of our pupils who will subsequently become professional 
scientists, engineers, doctors, all need further training. So we need 
not worry very much about direct vocational teaching. In practice, 
the vocational aim is often, possibly too often, replaced by an 

y have to get our pupils through 
examinations and, in consequence, examinations have a large 


effect on what we teach. They need have little effect on how we 
teach it. 


The group of teachers, 
teach Physics?’ also menti 
achieved, results that are i 
aims: 


Who were discussing the question *Why 
oned good results that can and should be 
mportant by-products rather than original 


6. Manipulative skill. Physics is a practical Subject; it develops 
manipulative skill—a scientist is an artist to the finger-tips. 

7. The proper use of books. Yt is not only in the laboratory that 
the pupil acquires skill and information. He learns how to use 
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text-books, and, in his pre-university work, to use library books, 
to find and extract the knowledge he requires without reading 
through a lengthy volume from beginning to end. He should learn, 
too, to read critically.and not to assume that everything appearing 

8 © print is necessarily accurate and authoritative. 
- Clear expression. In writing accounts of their own experiments, 
our pupils should learn to express themselves in clear, straight- 
jd forward and direct language. 
- Other attainments. In Physics our pupils learn to work to certain 
standards of accuracy, to get the best out of the available appar- 
atus and to use their mathematical knowledge to assist them in 


Solving problems. 
Doubtless we could think of many other excellent reasons for 
ү hing Physics, but let us look through what we have, and pick out 
€ ideas that must guide us in later chapters. 
First, the child has interest in the subject and we must maintain and 


extend that interest. The object of teaching science is often stated to 
th ‘to study the world around us’. It is better to speak of ‘studying 

world of which we form part’, implying that our study will involve 
exploration of the relations between ourselves and the material 


World—in other words, the child and the happenings he experiences. 
ching as а method of encourag- 


i Second, we have to use physics tea od of 
ng pupils to think for themselves. The formal, university type of 
€cture, lasting three-quarters of an hour or more, is not a method 
We should employ in the school; our task is more difficult, but also 
More interesting and stimulating. Teaching must be a two-way affair, 
With a constant interchange between the class and its leader—the 


teacher. Five minutes is perhaps the longest time for which we can 
some break, some questions 


eddress a first-year science class without 
Ог them to answer, something for them to do, à chance for the class 
to put questions. At the pre-university stage we might allow our- 
Selves fifteen or twenty minutes of uninterrupted talking, but that is 
е limit. The class must not be allowed to go to sleep, or even to 
attempt to soak up ‘knowledge’ as a sponse soaks water. What is the 
ue of teaching Physics if our pupils have not acquired the question- 
te mind, enabling them to apply their knowledge to practical and 
Soretical problems? Certainly we must teach principles; this is 
ушеуш. But the ability to understand and apply these principles 
more i 
i рас ientific method of finding out 
on them; or, alternatively, 


, 


€ facts and drawing conclusions based 1 i 
y experiment. Occasionally 
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we may depart from this rule, for example when following an his- 
torical method as suggested in Chapter IV. Even here, though, we 
are still drawing conclusions from facts, facts of history recorded in 
books instead of facts discovered from our суп everyday experience 
or in our own laboratories, We must never seek to convert science 
into a creed or dogma. We must never start a lesson by saying, ‘C ›ру 
down this law I have written on the board; now I am going to do an 
experiment to prove it.’ Instead, each new piece of work should be an 
exploration and a discovery, with ourselves leading the way into the 
unknown. Is this too fanciful a metaphor? Well, maybe, but at least 
we should try to give our pupils the satisfaction of finding out for 
themselves. How much less pleasure there is in reading a detective 
story if some ‘helpful’ friend has already told us the name of the 
criminal and how the murder was done! 

Fourth, there must be activity: our pupils must do experiments. The 
more completely equipped the laboratory the better, but much can 


be done with no laboratory at all. If money is short, it should not be 
spent on large, beautifully finished 


one experiment only; 
glass tubing, half-metr 
pods, tin cans of all si 
of the physics labor. 


whelming or an all-e 
chapter, the examin 
cation as any other. 


mbracing requirement: as suggested in the next 
as good a means of edu- 


Limitations of science 


: & So, let us remind ourselves—and, 
remind our pupils: 


First, that science is not 1 
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апа recommendations, even though his train of reasoning and ex- 
periment cannot and need not be followed. This ability is needed, 
but not often possessed; and one task of education is to spread an 
awareness of scientific possibilities throughout the world. 

Second, that science deals with reality, but with only one aspect of 
reality. Truth is also to be found in religion, in philosophy, in art and 
in many other experiences of the human mind and spirit. * A person 
Who appreciates science and nothing else cannot be a properly 
balanced and developed individual. 

Pupils sometimes ask for an example of a question that science 
cannot answer. One of the most important of such questions, and 
one with interesting consequences in the history of science, is con- 
cerned with aims and objectives: Why does this Earth exist? Why 
are we here; what are we for? What object is there in the existence of 
the universe? A knowledge of science can do nothing to answer these 
questions, which lie in the field of philosophy and religion. Modern 
Science did not develop until great men, like Galileo, ceased to con- 
cern themselves with such scientifically indeterminable issues, and 
turned instead to the framing of conclusions, laws and hypotheses 
based upon factual observations of objects on the earth, and in the 
heavens. But the tremendous successes of Galileo, Newton and the 
many scientists who followed them, must not blind us to the fact that 
Scientific methods can be applied only to a restricted field of know- 
ledge, namely that dealing with the interplay of cause and effect. 


«+. it (i.e. science) is ethically neutral; it assures men that they can per- 
form wonders, but does not tell them what wonders to perform. In this 


Way it is incomplete. t 

Scientific skill and knowledge place immense power in the hands of 
those who, while not usually themselves scientists, in effect control 
It. Such power can easily be misused by those who have selfish ends 
to fulfil, by those who seek power for its own sake and not for the 
general good, and by those who regard technical scientific progress 


as the only aim of existence. To continue the above quotation: 


++. The power impulse thus has a scope which it never had before. . . . 
Ends are no longer considered; only the skilfulness of the process is valued. 

his also is a form of madness. It is, in our day, the most dangerous form, 
and the one against which a sane philosophy should provide an antidote. 


* A study of the history of science shows that science itself grew out of—or 
Ry be said to have been transplanted from—the studies of the ‘humanists’ of the 
Ourteenth and fifteenth centuries, who, in the period known as the Renaissance 
Or Revival of Learning, were concerned to explore critically and without prejudice 
© knowledge and wisdom made available by the translation of the works of 
reek authors such as Plato and Aristotle, into the Latin tongue. 
Bertrand Russell, History of Western Philosophy, р. 5 14. 
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Third, not only does science have no monopoly of truth, but a 
study of science does not, of itself, produce truthful and unprejudiced 
scientists. The present-day scientific ‘climate’, the social environment 
that surrounds a scientist in his laboratory, and the scientific tra- 
ditions he inherits, make it reasonably easy for him to be exact and 
impartial. But there are signs that the preservation of scientific 
integrity may not always be quite so easy in the future. For example, 
the secrecy that surrounds most atomic energy projects may have 
unfortunate effects. Again, many scientists are employed in large 
undertakings sponsored by national governments, and there may be 
an undue urge to get results that are politically acceptable to those 
governments. 

Certainly those who were first concerned with scientific inquiries 


did not at once realize the importance of scientific integrity—the 
impartial analysis of facts. To quote Dr. J. B. Conant: * 


But if I read the history of science in the seventeenth and eighteenth 
centuries rightly, it was only gradually that there evolved the idea that a 
scientific investigator must impose on himself a rigorous self-discipline the 
moment he enters his laboratory. As each new generation saw how the 
prejudice and vanity of their predecessors proved stumbling blocks to 
progress, standards of exactness ond impartiality were raised. But as long 
аз science was largely a field for amateurs, as it was well into the nine- 
teenth century, a man could regard his discoveries like so many fish. If he 
defended their Size against all detractors, and in so doing their length 
increased, well, his opponent was a well-known liar, too. 


The beginnings of scientific integrity and ‘rigorous self-discipline’ 
are laid in the school science laboratory, and it is the duty of the 


science teacher to preserve and hand on to his pupils the scientific 
traditions of impartial observation and experiment. 


Before proceeding to the next chapter, let us summarize the con- 
clusions stated in the earlier pages of this chapter. 


1. We hope to maintain and strengthen the interest of our pupils in 
Science in general and Physics in particular. 

2. Our starting point should be ‘the child and the happenings he 
experiences’ in everyday life and in class and laboratory. 

3. Teaching is a two-way affair between class and teacher: we must 
not lecture. 

. Principles are more important than individual facts. 

. But the principles should follow logically from a study of the 

observed facts: either by an ‘inductive’ method of drawing general 


as 


* On Understanding Science, p. 6. 
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conclusions from particular instances, or by a ‘deductive’ method 

е ү framing a hypothesis and testing it 
- Each new piece of work should be presented as a problem to be 
Solved; the teacher should be the leader in a voyage of discovery. 
. Activity: the class should work with its fingers as well as its brains. 
. a certain standard of knowledge, and ability to apply that know- 
edge, must be reached. Our pupils probably have to pass examin- 
ations. And their best chance of doing so lies in being properly 
taught; in being encouraged to think and taught to experiment, 
to write clear, forceful accounts and summaries without circum- 
locution, and to apply mathematical knowledge to the solution of 


Physical problems. 


con 


° 


А a ha 
note on ‘scientific method’ 


On page 5 there occurs the statement, E ng n 
tific method’ means anything, it must pre- 


естып the particular aspects of 'scienti! 

con led, namely the ‘. . . method of finding о 
clusions based on the facts, or alternatively, © 
nt’. These are, respective 
dure (see Chapter Ш, page 20). They are 


lo E 
п or deduction and so arrive automatica 1 
quired to discover oxygen and the 


ature of combustion, no Michelson would b 
of us could apply the ru 


e : 
iet remark is very true, 
itutes ‘common sense’ have themselves 


Cc ‘anti 
esses that scientists have ac 


bvious to us may not be at all 


oby; 20n sense’ methods that may be so obviot a 
is all the more important that our science 


* 
approach 


is 5 Chapter IV, page 28. It is there suggested that the ‘inductive’ 


Most always the better for junior pupils. 
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teaching should always be framed to demonstrate sensible, logical and 
connected methods of thought. This subject is discussed further in 
Chapter IV. 

Exactly what constitutes scientific method, or the ‘tactics and strategy 
of Science, cannot be effectively discussed in a note on the first chapter of 
such a volume as this.* Our immediate problem is not scientific research, 
but the teaching of science. In Chapter IV it will be suggested that the 
‘inductive method’ frequently provides the best logical approach to a new 
topic. For the moment we note: 

1. That the skills and habits of scientific thinking can be developed only by 
repeated use, day after day, in laboratory and classroom; 
2. that some of the skills to be developed are those of: 

(a) sensing real problems; 

(b) defining and delimiting problems; 

(c) recognizing assumptions; 

(d) proposing hypotheses; P 

(e) devising controlled experiments for testing hypotheses; 

(f) interpreting data; 

(g) drawing inferences from data; 

(А) making generalizations; 

(i) applying principles in new situations. 


* The reader is referred to a book already mentioned, namely, Dr. J. B. 
Conant's Ол Understanding Science. 


, CHAPTER П 
The Physics Syllabus 


Preparing a syllabus 

The problems of preparing a syllabus have to be faced, in some 

degree, by all teachers. Even the most junior member of the staff has 

to arrange the work for a single term or year within the framework 

Provided for him. The senior subject teacher is responsible for pro- 

Viding the framework, that is,"the work to be covered in the school 

from the year of entry to the year in which pupils leave. The exact 

division of labour between the junior and the senior teacher (or 
educational adviser) varies from school to school-—and frequently 
the two are identical because the school has only one physics teacher. 

Some of the questions arising when a syllabus is framed are tenta- 

tively answered below. We have to decide where to start, where to 

end and how to arrange the work in between. 

l. How much may pupils be assumed to know when they start the 
Course? The answer to this is usually only too easy; pupils have 
no knowledge or background at all. At least, then, we know 
exactly where we аге: we must start at the very beginning. 

2. What knowledge must pupils have, what principles should they 
know, by the end of the course? We may have this decided for us 
by the requirements of some external examination which pupils 
intend to take. If not, we might still look at, and obtain useful 
Suggestions from, examinations syllabuses intended for pupils of 
similar attainments. Text-books, too, may assist us to decide not 

only how much to teach, but also the order in which to teach it. 

Itis hoped that the syllabuses in Part V of this book, pages 227-332 

(see also next section of this chapter), will give help in the task of 


finding a solution to these problems. 

“Should a complete syllabus cover the whole of one branch of 
Physics first, then another branch and so on, or should it be 
‘concentric’? We may, in a somewhat fanciful way, imagine the 
Pupil who knows no Physics to be at the ‘point of no knowledge’, 

(see Figure 1), with all of Physics around him waiting to be 
explored. ‘Physics’ is divided into five sectors of differing size; 
Should he explore the whole of the mechanics sector, then the 


Whole of sound and so on? Or should he proceed in circles, in- 


Cluding something of every sector, or several sectors, in a year? 
T.P.—c 


u 
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FIGURE 1.—The Physics syllabus. (A chart indicating the subject ‘sectors’ 
and a ‘concentric’ arrangement.) P = a ‘point of no knowledge’, А, B, C = the 
syllabuses given in Part V, pages 227-332 


The way in which this problem has been solved, for the syllabus in 
Part V, is discussed later, on pages 14-17. 

4. We have to consider, also, rate of progress: should we attempt to 
cover approximately equal portions of the Syllabus in each year? 
Usually this would be bad policy. Young pupils entering a labor- 
atory for the first time look forward with hopeful interest to a new 
and exciting subject. This interest must not be destroyed by a 
futile attempt to teach too much too quickly; instead, the teacher | 
should sustain and develop it by means of well-prepared treatment 
of phenomena within the pupils’ experience, and by plenty of 
demonstration and experimental work. А more rigorous treatment - 
may follow later, when pupils are ready to welcome it. A graph 
showing pupils’ progress in Physics, plotted against time, would 
probably show, during the first few years, a rising curve rather 
than a straight line. It is best for the teacher to recognize this, and 
plan the yearly content of the syllabus accordingly. During the 
first one or two years the main object is to maintain and extend 
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pupils? natural interest. Only during the last year before an external 
examination is taken should the examination requirements be- 
come of great importance in deciding the syllabus. 

5. Do we intend to teach,the single subject, Physics, or do we expect 
to teach General Science, a subject comprising physics, chemistry, 
biology and possibly other subjects such as astronomy, geology 
and agriculture? Nowadays most teachers agree that a general 
Science treatment provides the better initial approach. Later, 
science separates quite naturally into separate subjects, and such a 
Separation offers the easiest means of progress; this matter is dis- 


cussed in the next section. 


Physics as part of General Scieñce 


To the child entering the laboratory for the first time, the division of 
science into separate subjects is entirely artificial. Emphasis should 
be placed on the child rather than the subject. To him, water and air 
are simple substances, as they were to the early alchemists; so we 
should start with a study of water and air, and not embark straight 
away on the chemical properties of nitrogen, hydrogen and oxygen, 
nor on a generalized study of physical phenomena such as density 
pad pressure. For example, the very first subject of study may well 
e: 


The air we breathe 


pin pressure of air, as k 
Cling or using a fan. 
he rate of breathing in т 
(а) at rest or asleep, _, 
(b) during or after exercise. 
е amount of air in E 
(a) one normal inspiration, 
(b) one forced inspiration, 


(c) one forced expiration. "n р 
he importance of ee breathing and good ventilation day and night. 


i i i i insect, a fish 
le respirator, tem in man compared with that in an insect, 
а bird ded a ILU prem how the lungs, gills and other 


"Js ding organs. 

ir changed by breathing? з í s 

canes of the quality ‘of expired air by using a lighted candle and lime- 
ег. 


nown from winds and draughts, and through 


an and other animals, 


le dissections to 5 


dimospheric air is not rich in carbon dioxide. 

composition of the air: d Р 
(9 The active part of air is called oxygen: preparation and properties 
Of oxygen, and its uses in hospitals and in industry. 


* blication, Secondary 


Mo, As suggested in the Science Masters" Association ри 


dern Science Teaching. 
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(b) The inactive part called nitrogen: removal of the active part by 
iron filings; air as a mixture of 1 part oxygen and 4 parts nitrogen. 
(c) Carbon dioxide, its preparation and properties. 


(d) Water vapour: its presence shown by sudden decompression of air in 
a large strong bottle. ° 


АП living things require oxygen. 

Animals give up carbon dioxide as a waste product. 
Germinating peas, or other seeds, give off carbon dioxide. 
Seeds do not germinate in absence of oxygen. 

An animal loses weight in breathing. 


This is illustrated by simple ‘experiments’ such as the following: 


(1) Collecting the breathing rates of people of different ages. The rates of 
breathing of children are taken at rest and then after exercise. The 
observations are recorded and inferences drawn. 

(2) Records are obtained of the rate of breathing of animals—horse, cow, 


cat, dog, rabbit, guinea-pig, etc. The variations in the rates are 
observed. 


(3) An attempt is made to find out as much as possible about the training 


of athletes, boxers and footballers, horses and dogs for intensive and 
sustained exercise. 


(4) By means of a rubber tube, air is drawn out of an inverted bottle, the 
neck of which is under water. The water that enters is measured, using 
a litre measure, and thus the amount of one normal and one forced 
inspiration is found. A large bottle, of at least 3 litres capacity,* is used. 
And so on: there are 22 experiments altogether in this section. 
The next topic, similarly treated, may be ‘The water we drink’. 
After that, ‘science’ does begin to separate naturally into its divisions 
of physics, chemistry, biology and so on, and the physics contained 
in syllabus A, page 227, may be started—a few items, concerned with 
air and water, having already been dealt with. Alternatively, the 
‘topic’ method, using topics that cover all branches of science, may 
be adopted for the first two or three years, and only after that need 
the separation into separate science subjects be allowed. This is a 
matter of opinion which can be decided only after considering the 
conditions at each particular school, the abilities and attainments of 
the children, their background of everyday knowledge and experi- 
ence, the available laboratory facilities, the time allowed for the sub- 
ject, and the skills, interests and knowledge of the science staff con- 
cerned. Even when Physics is being taught as a separate subject, the 
teacher should still seek his examples and illustrations from as wide 
a field of human activity as possible. 


The arrangement of the Physics syllabuses—see Part V, pages 227-332 

The syllabuses ‘A’, ‘B’ and ‘C’ in Part V, assume no previous know- 

ledge of Physics, and include all pre-university work likely to be 
* E.g. a Winchester quart bottle. 
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Covered before the student embarks upon а university course. In 
some countries university authorities may well be satisfied with less; 
for example, the work contained in syllabuses “А” and ‘B’ may be 
considered sufficient. However, some require the standard of the ‘C’ 
syllabus, and so, for the purposes of this book, it is better to include 
too much rather than too little. A physics teacher using these sylla- 
buses must decide how much, if any, he can cut out at the higher 
levels. These are teaching syllabuses based upon the examination 
syllabuses of various university examining boards. The division into 
three levels is convenient and corresponds to natural stages in the 


growth of pupils’ knowledge and ability. 


Syllabus ‘A’ follows the requiréments of Physics in a General Science 
course, of 4 or 5 years’ duration, for pupils of ages 11 to 17, 


approximately. р 
Syllabus ‘B’ follows the requirements of Physics as a separate subject 
in a curriculum of the same duration for pupils of a similar age. 
Syllabus “С° follows the requirements of Physics as a full subject at 

the more advanced level of a specialized science course of 2 to 3 


years for pupils aged about 16 to 19. 

In addition, m portions of syllabus “С”, marked off by square 
brackets [ ], are not intended to be covered at the same time as the 
Temainder, but in the year following (if, in fact, they are done at all 
While the pupil is still at school). This portion, 1n brackets, corre- 
Sponds to the level of the scholarship standard required by many 


Universities. * . . 
Of course, all this work may easily be mixed together in one big 
Syllabus, with portions labelled ‘Heat’, ‘Mechanics’, Sound’, etc. 
his, however, would be misleading, as it might suggest that a teacher 
Should deal entirely with ‘Heat’, then entirely with ‘Light and so on 
~a quite impossible proceeding! The syllabus has, therefore, heen 
rawn up on a ‘concentric’ system. The outermost circle in tl e 
diagram, Figure 1, page 12, represents the whole of pre-university 
hysics, Should a pupil explore the whole of one sector, then the 
Whole of another and so on? Or should he proceed outwards in 


* а iti r examinations 
School i inations set ersities, О! 
followi ols taking examina, у i ntries, will find that: 
in, a t set in their own cou , V n 
lu responds roughly to Physics for General Science 1n the School 
ertificat, NÉ JLBcate of Education, OT. J I); 
Syllabus еы a fal of ect in the School Certificate (or G.C.E. 
level); й 
аби “С”, not in brackets, to Physics in the Higher Schoo 
SUL (or G.C.E. ‘A’ level); CU -— 
e го ‘Œ, in brackets, to the scholarship CS level) papers of the H.S.C. or 


1 Certificate examina- 


pe 
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circles—one circle, including something of every sector, in each year? 
Neither of these methods is to be recommended, though the second 
is better than the first. Let us suppose the pupil has eight years in 
which to complete the school course. Further, let us suppose that he 
has a reasonable time allocation of, say, 

3 periods a week for Science during the first two years; 

5 periods a week for Science in the third year; 
(‘Science’ may be supposed to be divided between physics, chemistry 
and biology, in the proportions 2 : 1 : 2.) 

4 periods a week for Physics in the next two years; 

7 or 8 periods a week for Physics in the last years (when the pupil 

will be specializing in Science). 

Then the work contained in syllabuses ‘A’ and ‘B’ may be covered 
in the first five years, Syllabus *A* being completed before we go on 
to ‘B’. The advanced-level syllabus, *C', may take another two years; 
and, if the pupil stays at School one more year, he can, as well as 


who will go on to more advarced work; the less capable pupils will 
require more time. 

The scheme set out in the syllabuses ‘A’, ‘B’ and “С” is not intended 
to be rigid and unalterable. For example, in a particular scho. 
be thought desirable to reach the level set by syllabus 


limit set by syllabus ‘A’. After covering a fair part of the 
tained in ‘A’, the pupil's next step forward might carry hi 
the ‘B’ syllabus. Lastly, a very clever pupil might cover all the ‘C’ and 
[c] work in two years. 

The three suggested stages, A, B 
sented by the words contained in the three syllabuses of this book. 
For example, the material of syllabus *B' is not so very different 
from that of ‘A’, yet the experienced teacher knows that there is а 
very great difference in knowledge and ability at these two levels— 
increased depth, wider reading, greater facility in solving experi- 
mental and theoretical problems, greater skill in using mathematical 
methods. This applies equally to stage “С” compared with ‘B’; and 
that is why the sections of syllabus “С? So often start with the remark 


and C, cannot be entirely repre- 
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Revision and extension of the work contained in syllabuses А and 
В’. Change of attitude is implied at stages В and C, as well as increase 
of factual knowledge. This change is reflected by the sequences of 
lessons given in Chapters III and V. 


Examination syllabuses 


The headings of the sections of the three syllabuses under dis- 
сиѕѕіоп, abstracted and collected together, form examination sylla- 
buses at each of the three levels. During the course of their school 
lives, pupils may have to take two external examinations: at the ‘A’ 
or the ‘B’ level, and at the “С level.* Therefore examination require- 
Ments often compel us to cover the ground appropriate to the 
examination at the correct age. But examinations need exert no other 
compulsion; so long as we reach the required level we should feel 
free to plan the course as we think best. We may have five years (or 
thereabouts) to reach the 'B' level, and another two (or more) to 
reach the “С? level: how we do so is largely our own affair, provided 
that the job is done. Exactly what is to be done day by day, period by 
Period, in class-room and laboratory, is a matter for the teacher of 
the subject to decide, in consultation, if need be, with the senior 
physics teacher at the school. The senior teacher decides what should 
be taught year by year, or term by term, also in consultation with his 
Juniors. Inspectors, advisers and education departments are able to 
ive advice and assistance in all matters concerned with syllabuses, 
teaching methods and laboratories; but in the end everything de- 
Pends upon the knowledge, skill and patience of the man in the front 
line—that is, the individual teacher in class-room and laboratory. 


Teaching syllabuses 
Each section of the syllabuses, given in Part V of this book, 


Contains: 
(а) Some amplification of the headings of e 


show what should be taught on a particular topic, and 
hat the ‘excluded’ items must 


be excluded. This does not mean t 

not be taught: they may quite well be brought in as further 
examples, or useful background knowledge; but they are not 
regarded as being strictly necessary at that particular point of the 


Syllabus. 
(b) А suggestion, in many cases; for a possible method of introducing 
a new topic. Method of presentation (see Chapters III and IV) is 


d Higher School Certificate. 


also 


ach section, in order to 
and what may 


* E.g. School Certificate ап 
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at least as important as, probably more important than, the 
syllabuses. : 

(c) Experiments. Often these are the standard experiments that can 
be found in any good text-book, andctherefore they are not 
described in full, although in some cases a brief note, or proposed 
improvement or simplification, is added. Fuller details of less 
well-known modifications are given. It is not suggested that all 
these experiments must be performed, since the total number in 
the three syllabuses exceeds two hundred. Nevertheless, practical 
and experimental work is the backbone of good physics teaching, 
and a considerable proportion of the experiments suggested 
should be performed by the pupils. 


The ‘ideal’ syllabus? 


Those of us who have been teaching for many years, hopefully 
and with active interest, know how many different syllabuses we 
have used; how every year our syllabus has been ‘improved’ by in- 
sertion of new material, by ruthless pruning of ‘dead wood’ and, very 
often, by complete re-writing. No syllabus is ever perfect, none is so 
nearly right that it cannot be improved. However experienced we 
may be, thought should be given every year, every term, every lesson, 
both to the subject matter taught and to the teaching method. New 
experiments in teaching technique may not always be successful, but 
experimentation is, for the teacher as for the pupil, the only way to 
maintain interest and enthusiasm. So, let us try out new ideas, make 
new experiments, profit by both failures and successes and, incident- 
ally, avoid stagnation and dreary time-serving. The ideal syllabus, 
the ideal method, are unattainable goals, but let us always keep them 
before our eyes; at least we can approach them asymptotically! 

Let us turn back to the list of hopes and aims and precepts on 
page 8. How much guidance does this list give in the construction 
of a syllabus? First, in deciding the material, we have to bear in 
mind items 4 and 8: the principles the pupils need to know, and the 
examinations they have to pass. Second, item 7, activity: the syllabus 
should provide plenty of experimental work; pupils must have busy 
fingers as well as busy brains. Third, items 2 and 6: the pupils start 
each new piece of work with a background of previous knowledge, 
and are then led to seek the solution of a new problem. Fourth, item 
5: we employ a normal scientific method of Progress from data to 
generalization, from facts to laws. Fifth, item 3: pupils and teacher 
are doing a job together—the teacher must not try to do all the 
work! And lastly, if we achieve all this, the fulfilment of our first 
aspiration, the interest of our pupils will be well within our grasp. 


І! 
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The ‘unit? or ‘project’ method 

It is a basic assumption in this bo 
‚volumes on the teaching of science in tropical countries, that those 
studying it are concerned with the teaching of Physics as a separate 
subject, possibly an examination subject, and that the aims of science 


ok, the eighth of a series of 


` teaching—listed in Chapter I—are to be achieved through the teach- 


rds the emphasis throughout this book is 
te course of Physics does not have to be 


covered, and when the ultimate level to be attained is not higher 
than, say, that of syllabus ‘A’ in this book, teachers may with great 
advantage adopt a *project method of approach. An example of a 
project successfully carried outin a tropical country is given in Part 
VI, Appendix C, page 341.* 

* The details of this example together with the discussion that precedes it, 
are taken from Volume VII of the present series, The Teaching of General Science 
in Tropical Secondary Schools, to which the reader is referred. 


ing of Physics. In other wo 
on Physics. When а comple 


CHAPTER III 


The Teaching in Junior and Middle schools—Right 
and Wrong Methods of Presentation 


On page 17 in the previous Chapter, method of presentation of sub- 
ject matter is stated to be at least as important as, and probably more 
important than, the syllabus itself. Some syllabuses are more helpful 
than others, but any syllabus, however ill-conceived, can be the 
means of imparting valuable scientifié knowledge and, what is more 
important, of inculcating the Scientific spirit. On the other hand, no 
syllabus, however helpful, can turn a bad teacher into a good one, or 

a boring, incomprehensible and inaccurate lesson into a stimulating 

and exciting experience. 

What method of presentation should be used?—Many are possible, 
and any of them may, in certain circumstances, be considered ‘the 
best’. Perhaps the one feature common to all good methods of pre- 
senting a lesson is ‘continuity of thought'—it is not wise to jump 
from one topic to another in an erratic and disconnected fashion. * 
The method of approach must be logical, though the logic may not 
at first be apparent to the class, There are two logical ways of arrang- 
ing scientific observations, laws and theories: 

1. the deductive method, the method of the geometrical theorem. We 
start with general statements or ‘axioms’, and make deductions 
about special cases. Sometimes we can test our deductions by 
experimental observation. 


2. the inductive method, which is exact] 
start with everyday observations a 
and hence, arguing from particular 
we arrive at laws and theories, 
A third alternative comes to mi 


y the opposite procedure. We 
nd the results of experiments, 
cases to a general conclusion, 


nd: perhaps we ought to follow as 
closely as possible the past history of our subject, presenting the 
facts, laws and hypotheses to our pupils in an exact historical 
sequence. This proposal appears attractive at first Sight, but the 
reasons against it are considered later (see page 36). 


* This does not mean that the ‘continuity’, the link between one item of the 
lesson and the next, is necessarily obvious to the class at first. On the contrary, 
it will often happen that the teacher deliberately brings to the class’s attention 
a number of apparently unrelated observations. The class is then required to 
discover the common feature that links them together and causes them to be 
classified as phenomena or problems of a similar kind, 
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lect the good, and the bad, lessons 


Which have been given to us by our teachers, or which we have our- 
ps given, or which we have seen other teachers give. We can then 

че, by means of this practical, empirical and inductive procedure, 
what is, and is not, a good method of teaching science. For the pur- 
pose of this discussion, two examples of well-planned lesson-sequences 
are detailed below, and in each case, à *bad' method is placed before 
the good method for the sake of contrast. In considering the ‘bad’ 
methods, let us remember the unsuccessful lessons we have given in 
the past. We must not be discouraged if our own teaching seems to 
Tesemble, in a few respects, the suggested ‘bad’ methods: the teacher 
Without failures has yet to be born. We can all learn, from our own 


experience and from each other. 


For the moment, let us recol 


A LESSON ON TRANSFERENCE OF ENERGY: CONVECTION 


e 251.) This lesson, let us suppose, 


(See syllabus ‘A’, section A(22), pag 
d not more than 14 years. First, 


is being given to junior pupils, age 


then: 
A COMPLETELY WRONG method — The class enters the laboratory, grabs 
eos and ink-pots, and jostles and fights for places on the back bench. 
he teacher is late. The class talks loudly and plays with water- and gas- 
taps. The teacher arrives. He s ilence, and after considerable 
i tells it to get out note-books 


to write, ‘Conve: 


Of heat, whereby the heated body moves, © : у 
cl he obtains а brief moment's respite. He then . 

cleans another part of the board and begins to draw | 
Ing liquid, witha ‘blob’ in the bottom, labelled ‘KMnO,’, and lines sprout- 
firework. Meanwhile the class, having 

Nothing to do, becomes restive, i 1 
саппо do, because the master is standing in front, still drawing. It says 50, 
and has to be quietened again. The teacher, now а little distraught, begins 
to gather a flask and a tripod, and to hunt for some potassium perman- 
вапаќе, At the same time, he attempts to ount of the experi- 
ment he is going to do. trouble—repetition of sentences, 
Spelling of words, etc. Finally all is the flask of water 1s In position. 
he class is told to watch. d in, and purple 
Sneaks immediately appear } 
a eads the colour almost uniformly, an 
o the diagram on the board. But it does not much п 
too far away to see anything clearly. The teacher simp! 


Ought to happen has happened. 

The class Dory terested) and, under cover of the noise, the teacher looks 

up the next thing in his text-book—convection currents, the hot-water 
old country). The class is 


System (the book was written for schools in a c 
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forcibly quietened again, and is told to copy a large and complicated 
diagram of a hot-water system. This is followed by the dictation of a long 


class, glad of this release, escapes to freedom; the teacher shouting after 
it, that its home-work is to learn its notes by heart. 


Perhaps no one gives quite so bad a lesson as that; it has been 


, 


deliberately stuffed with as many mistakes as possible. However, 
here is: 


If possible, he is in the laboratory before the class arrives. Whether he 
is there or not, the class knows it must wait out: 
blocking the way for others—till it is told to ent 


Stops talking and files in, each pupil going 


voice is clear, and easily followed by those who are attending 
so loud that it forces itself upon those who are idling. In this 
has to contribute something—its attention—even when it is 
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available, the experiment can be made more convincing by wedging a piece 
at the bottom of the test-tube with a bit of screwed-up copper gauze.) 
Water is a bad conductor—how, then, does the heat so quickly travel to the 
top? Other examples are mentioned—their own experiences of heating 
kettles, cans or pots of water on a fire, etc. Why are vessels heated at the 
bottom? Why is the heating element of an electric kettle at the bottom and 
not at the top? (More than one reason!) Perhaps some more intelligent 
and knowledgeable child has the idea of convection currents, but in any 
case the teacher proceeds to an experiment that throws light on the ques- 
tion—the permanganate convection current experiment, or а much better 
variation, using aluminium powder, which can be demonstrated not just 
once, but many times, until the water boils (experiment 4.58, page 252). 
The class is gathered round the front (demonstration) bench to see this; 


and now is the time, befo с 
teacher makes certain they understand what is happening: that hot water is 
rising and displacing cold water, which sinks and is heated in its turn—a 
Continuous process, until boiling is reached ( 


be discussed today, so the teacher does not le 
hot water rise? The class, with a little encouragement, ou > 
it knows that liquids expand on heating. The 


find the answer to this, since 1 
term ‘Convection currents’ has 
teacher can say what is meant by—giv 

called convection. The class returns to its place and can confirm the 
teacher’s demonstration by using the boiling-tubes mentioned in experi- 
ment 4.58, page 252, containing aluminium powd с а 
plus a little detergent). The children's gers provide sufficient 
warmth for this.* [ оў 

Now, what should the class write? The following (the parts in inverted 
commas) might be put on the blackboard for it to сору: 

*Heading: А second way in which heat is carried from one place to 
another.' Problem to be considered ‘Water in à test-tube, heated at the 
top, remains cold at the bottom. Water is a bad conductor of heat. Water, 
heated at the bottom, soon becomes hot all through. How does this 


үе” heading ‘С tion currents’. The children must 
en comes the sub-heading onvectio 4 c 

describe the experiment themselves. The teacher does not write on the 
board, or dictate, but gives every possible assistance short of this. He 
describes the experiment ag tly the simple short sentences he 
hopes the children will writ t allow them to write down 
What he is saying. He draws the diagram 

the he wants it—but he does not allow them to 
ы e db the short, simple account, 


copy it; he rubs it off again. The class writes up th У T 
either for ue ae, ор in this or the next science period, depending 


on the time available. The final statement, а definition of the process 
of convention, is written down in the next lesson, as a conclusion to this 


piece of work. 

(The natural sequel to this double period on convection currents 
in liquids is ‘convection in gases’. Can convection occur in solids?— 
* Unless the water temperature is near, ОГ above/body temperature, in which 
Case a momentary touch with a flame is necessary. // а flame is used, pupils 
must not be given benzene. 


24 \ AIMS, METHODS AND SYLLABUS 


No. Why not? In gases?—Yes. Children can soon feel the difference 
when one hand is placed half a metre above a bunsen flame, and the 
other, half a metre to one side. Other experiments are mentioned in 
section A(22), pages 251—3; suitable topics for discussion are: free 
and forced convection; applications to the cooling of automobile 
engines, ventilation, land and sea breezes; why factory chimneys are 
tall; why the cooling element of a refrigerator is usually at the top, 
while the heating element of a kettle is at the bottom; etc.) 

Is the second method better than the first? Why?—There are 
many reasons, but principally because it is more interesting, because 
the children are active with mind or fingers all the time. Instead of 
regarding the children as so many ‘mugs’ into which the contents of 
the ‘jug’ of knowledge must be poured, the teacher gains their co- 
operation in a process of discovery in which he is the leader. More is 
learnt, and in due course more examination marks will be gained. 
Above all, this method helps to inculcate the scientific spirit, the 
habit of facing problems, of collecting facts and making experi- 
ments, before arriving at conclusions and making pronouncements, 
The second way is the Scientific method, about which more will be 


said in the next chapter; the first way merely reduces science to 
dogma. 


A LESSON-SEQUENCE ON LENSES 


i , › а double period in the 
laboratory and a single period in a class-room. 


The WRONG method — The teacher starts by drawii 


pictures of the six kinds of lenses, and namin them: bic - 
convex and all the rest. He d d "nhe мш 


I uy 1 s 
of the formulae о аа + y у аге written on the board and duly 


copied into the books. The class learns the proofs for home-work and 
works out by calculation the examples previously done by drawing. 
The first half of the next double period is occupied by a written test, 
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with examples. The class, quiet enough during the test, is now restless and 
feels an urge for some kind of activity. The teacher gives out apparatus— 
convex lens, plasticine, pins—and announces that the class is going to find 
the focal length of a lens. The pupils pick up the lenses and pins, and fidget 
with them; the teacher shots at them to put the apparatus down on the 
benches. After a certain amount of chaos, he gets them settled down again, 
although half the pins are lost by now. He realizes that it is no use telling 
them to start the experiment, because they have not the least idea how to 
do it. So he starts off again upon his one friend—the blackboard. “Сору 
in the heading: To find the focal length of a convex lens'— Put in this 
diagram’—‘Copy down the following description: А convex lens was 
carefully mounted in a vertical position . . .’, and so on. The teacher uses 
all the coercive force he possesses to quieten the class and make it do his 
bidding; if he is young and inexperienced he will probably not succeed. 
The double period draws to a close and the bell goes before he has quite 
finished: the class rushes out, and he is lucky if he recovers all the lenses, 
let alone the pins and plasticine. 3 

on of the experiment that 


Next single period he soon finishes the descripti perii 
has not been done; he then fills in time going over the last period's test and 


in working more problems. 5 
Next double period the class does at last start the experiment, but finds 
great difficulty in using the parallax method to get the pins in the correct 
Positions. The teacher spends his time rushing from one set to another, 
What with the noise in the labora- 


et on by them- 


suffering acutely from those well-known twin occupational diseases, pin- 
x squint! The home-work is to calculate the 


sticker’s thumb, and paralla e hi t 
y by long division and partly by logarithms. 


results, and this is done partly b ) 
he books containing the working are hopelessly untidy, and most of the 


results are incorrect. 


What is wrong with this 
even mental activity was re 


?—The pupils have been almost inactive: 
duced to a minimum. The accounts were 


dictated by the teacher, the whole approach was geometrical and out 
of contact with reality. The teacher required too little from the 
pupils. The only demands he made (for silence and cessation of 
fidgeting) were two that normal healthy adolescents find extremely 
hard to satisfy, except under the stimulus of fear. Even when they had 
Interesting things—lenses, pins, plasticine—in front of them, inviting 
handling, he wanted them to sit perfectly still while he talked and 
dictated. Also he wanted them to behave as mere receptacles—the 
Jug-and-mug technique—the jug pours its contents into the mug and 
that is that; or rather, in nine cases out of ten, it is not! 

Even if the ‘jug’ does succeed in pouring something into the ‘mug’, 
the result, though examinable, has no real educational value. The 
approach, even if logical in the Euclidean sense, is entirely dogmatic; 
no kind of training in scientific method has been given. The pupils 
ask no questions, seek no answers; everything descends on them out 
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of the blue. So long as they can satisfy the teacher just sufficiently 


well to avoid the more serious kinds of trouble, that is all they care 
about. 


be the first thing we would do?—Examine one, of course.) A good 
tule is: we must work with the pupils rather than against them; 
children often know instinctively the best method of education, just 
as a new-born baby knows where and how to obtain food. 


A better method of presentation — The teacher plans a double period to 
investigate the action of lenses, convex lenses in particular. He decides that 
two sets of experiments shall be done by the pupils, and one demonstration 
by himself. On the demonstration bench he has ready a set of apparatus 
that shows the tracks of rays, preferably a kind that can be mounted on 
a vertical board so that it is visible to the whole class. On the pupils’ 
benches are set out an appropriate number of light-boxes, convex lenses, 
mounts and screens—one lens and screen for each pair of pupils, one light- 


1. Experiment A.68, page 256. — The pupils feel 
them, look through the lenses, form real ima; 


board. The qualitative facts about the action of 
next they have to be 'explained'—that is, the ne 


2. Experiment 4.69, page 256. — The action of conver 
lenses is demonstrated by the vertical ray-box, and explained by the 
prism method; that is, a lens may be regarded as a prism with curved 
Sides, or a series of prisms of varying angles, However, the ray-box 

lain previous Observations, but also 


Bent and divergent 


goes back to the benches and 
qualitative, investigation of the 
Dosition and size of the images formed by a convex lens, for various 
distances between Object and lens. Drawings (not to scale) illustrate each 
case. These drawings may be finished for home-work, and the definitions 
revised. This completes the first double period. 
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the experiments are discussed again, and lens 
ccurate drawings. In preparation for the next 
s is coached in the use of reciprocal tables. 
In the following double period, the pupils have the same lens and light- 
box apparatus which they now know how to use. A table of five columns 
is drawn, the first two are headed и and >, and four readings are taken 
(experiment B.26, page 282). A similar table of readings for и, v, О, T (six 
columns) is made (experiment B.27, page 282). When all, or nearly all, the 
readings are taken, the apparatus is cleared away and the class is called to 
1 


Next single period, 
problems are solved by а 
laboratory period, the clas 


T У 
attenti i = += = 5 zs me: i 
tention. The equations 7 PP and 5 7 are derived from the 


experimental results. The focal length, /, is calculated. 
Three weeks (nine periods) may be devoted to this subject of lenses. So 


there are still one double and two single periods left in which to familiarize 
pupils with lens problems to be solved by calculation, to determine a focal 
length experimentally by the mirror method (experiment B.28, page 283), 
to revise and, if necessary, to set a test. 

The above lesson-sequences illustrate very well the importance of 
continuity of thought. Having started the class on a new piece of 
work, the teacher so directs operations that one thing leads to 
another. Exploring one particular path not only produces the ex- 
planation required, but opens another avenue of investigation, and 
leads to new knowledge. Such is the nature of science; scientific 
knowledge has a beginning but no end. The natural sequel to the 
above work on lenses is: to apply the new knowledge to practical 
‘everyday’ cases: the human eye, the camera, projectors, optical 
instruments. A theme runs through the work; the pupil is not pre- 
sented with an array of disconnected items. 

In the next chapter, the two ‘good’ lesson-sequences will be 


analysed, and general conclusions stated. 
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CHAPTER IV 
Teaching Methods—A General Discussion 


(A)—THE METHOD USUALLY ADOPTED 


Tn part (A) of this chapter, the specimen "Jesson-sequences', outlined 
in Chapter III, are examined, and the method of presentation 
analysed. We shall see that the logical scheme adopted for the first 
approach is, in both cases, the ‘inductive method’ (see page 20), and 
that later the ‘deductive method’ is also employed. Similar schemes 
should usually be adopted in presenting a new topic to pupils, what- 
ever their age. Usually, but not always—it is, rather, that we should 
regard the ‘inductive—deductive’ approach, with the teacher leading 
and guiding his class, as our normal method; but we should not 
hesitate to change the method in special circumstances, Some sugges- 
tions about the possible usefulness of other methods are discussed in 
part (B) of this chapter. 


Analyses of the Іеѕѕоп-ѕедиепсё' 


(1) The lessons on ‘convection’ (pages 22-3) — On analysing the 
method of presentation of this lesson to juniors, we discern five 
stages: 

1. The introduction, directing attention to what will be the Starting 
point (the heating of the test-tube of water, the recollection and 
repetition of the previous week’s experiment), 

2. (а) Collection of known facts (in addition to the test- 


ment, we have other everyday knowledge—heatin 
cans of water, etc.). 


' (b) More careful experiment 
powder or permanganate 
(c) Formulation of definitions and conclusions ( 


the reason why they are formed, the con 
the nature of convection), 


(d) Application to everyday and experimental 
and water cooling, ventilation, land and 
Stages 2 (a), (b) and (c) constitute а simple ex 
method. 
(2) The lessons on lenses (pages 26-7) — In this middl 
Sequence we find first the stages mentioned above: 
1. The introduction, in which no great effort was needed to arouse 


tube experi- 
g kettles and 


(the experiment with the aluminium 
Convection currents’, 
cluding statement on 


problems (cooling fins 
sea breezes, еїс.). 
ample of the inductive 


е school lesson- 
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initial interest. Pupils found pieces of curved glass on their benches: 

fiddly fingers and active minds did the rest. 

2. (a) Preliminary collection of qualitative facts (obtained by handling 
the lenses). m 

(b) More careful experiment (with а ray-box). 

(c) Formulation of conclusion and definitions (converging and 
diverging rays, and the explanation of the action of the lens; 
definitions of focus, еїс.). 

In this case, however, there are further stages to add. 
3. (a) Quantitative experiments, giving numerical results, and leading 


to: 
(b) Formulation of laws, or in this case, of equations, namely 


"AE Bal ge ie 
zy m ша? а? 

ative experiment, or even several experi- 
ld to establish any law or equation. The 
nong thousands performed by many 
people in different places and under differing conditions. It is illustra- 
tive, its result being in agreement with the findings of many other 
Scientists elsewhere. We must not say, for example, that ‘the experi- 
ment proves Boyle’s law’; we can only say ‘These results agree with 
the law stated by Boyle; namely, the pressure ofa gas...’ A general 
conclusion is drawn from particular instances; this is the inductive 
method, We must always be prepared to find other instances that will 
Not be in agreement with the general conclusion. For example, more 
exact experiment, under a greater range of pressures, shows that 
Boyle’s law is not completely true; but the law is not abandoned; it 
is still useful as a first approximation that has to be modified in 


certain circumstances. 
4. Useful results. The equations that have been established are used 
to solve problems (e.g. numerical problems on lenses), or the laws 
equences. 


are used to deduce new cons! 
le of the deductive method of reason- 


. This fourth stage is an examp od о! 1 
ing, that is, deriving a particular result from a generalization. This 


leads to a fifth stage: 


5. Verification. The conclusions 
are tested experimentally. 


The normal lay-out of a lesson (or sequence of lessons) 

ntioned in the last section may be summarized : 
nterest and directing attention. 

simple qualitative experiments, leading to 


Of course, one quantit 
ments, cannot really be he 
experiment is simply one more an 


deduced from the laws or equations 


The five stages mention 
1. Introduction, arousing 1 
2. Everyday observations, 
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definitions and simple conclusions. (EXPERIMENT +- INDUCTION; that 
is, proceeding from the particular instance to the generalization.) 
The conclusions may be used to explain new observations and 
deduce new consequences. ‘Explain’ in this sense means to link 
with previous observations, to put different observations into the 
same category. (The other scientific meaning of ‘explanation’ is: to 
explain in terms of a theory, e.g. explaining gas pressure in terms 
of the kinetic theory of molecular motion.) 

3. Quantitative experiment, numerical measurements, leading to a 
statement of empirical laws and equations (this again is EXPERI- 
MENT -+ INDUCTION). Even at the junior level the work sometimes 
goes on to exact measurement and the formulation of laws, e.g. 
Archimedes’ principle. However, ‘precision’ and quantitative meas- 
urements are more frequent at the middle and senior levels of 
School science. 

4. The use of the laws and equations to deduce new consequences, 
Which, very often, can be checked experimentally. The new experi- 
ments may confirm the laws, or may suggest modifications 
(DEDUCTION + EXPERIMENT). 

The normal method of approach to a new piece of work should 
beon the lines suggested aboveand illustrated in the previous chapter. 
This is the scientific method of basing conclusions upon evidence, of 
generalizing after observation and experiment (followed by deduc- 


tions from the generalizations): this scientific method becomes also 
the method by which science is taught. 


Planning a lesson: useful precepts 


1. Science should be taught by the Scientific method of collecting data 
and making experiments before arriving at conclusions and stating 
principles. We proceed from the ‘concrete’ examples to the 


‘abstract’ generalization, and then, perhaps, apply the generaliza- 
tion to new examples: 


CONCRETE— —-ABSTRACT— —»CONCRETE 

2. Another related precept is ‘Start with wha 
proceed to what they do not know’. ‘What the pupils know’ is the 
work done last lesson, or last week, or last term; everyday observa- 
tions; what they read in the newspaper; or anything else, known 
to the class, that provides a useful starting point. 

3. However, starting with what the pupils know does not prevent the 
teacher from posing a problem, or better, leading the class to pose 
the problem. For example, if we are going to give a lesson on the 
rectilinear propagation of light, we may start by showing a pin-hole 


t the pupils know and 
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camera giving an upside-down image of a candle, and then seek an 

explanation—or we may notice that the light patches on the ground 

under trees in sunlight are circular: why is this? 

4. For learning to be eflgctive, there must be continuity of thought. 
Pupils should not be presented with an array of disconnected items 
having no common theme. The theme must be emphasized and 
made evident; what is obvious to the teacher may not be nearly so 
apparent to the pupil. 

5. The teacher should seek to maintain interest and enthusiasm. This 
certainly does not mean that he has to entertain the class—the 
Occasional joke, the striking experiment, the little bit of play- 
acting, even the conjuring trick, may all have their place; but 
being a good and interesting'teacher has little to do with being able 
to perform tricks. Indeed, too much skill in this direction may be 
distracting! No, the prime necessity is interest plus effective learn- 
ing, and this requires plenty of activity: problems for brains to con- 
sider, experiments for hands to perform. Long descriptive passages 
should be avoided, and if they cannot be avoided entirely, should 
be broken up by questions and answers, and by note-taking on 
salient points. Too much writing should also be avoided: what is 
the text-book for? (The subject of, note-taking is separately con- 
sidered in another chapter.) In general, written work should be 
confined to: (a) pupils’ own descriptions of experiments; (b) brief 
notes of the principles and laws that must be remembered ; (c) 
drawings of apparatus, and instruments, e.g. à moving-coil am- 
meter; (d) answers to questions, numerical and otherwise. 

No doubt there are many more points that a teacher could usefully 
remember when planning à lesson; but these five are sufficient. If we 
can put them into practice, then—granted health and strength, and 
interest in our pupils and our subject—we cannot go far wrong. To 


summarize: 

1. Scientific method of co 
2. Known —- unknown. 
3. Posing a problem. 

4. Continuity of thought. 


5. Activity—keep the class busy! 
One last word on planning: à plan must be made, but we should 


not be afraid of departing from it. Sometimes the class itself raises an 
unexpected line of inquiry; the opportunity so offered should not be 
thrown away in order to impose a rigid scheme designed by the 
teacher, A class sometimes reveals unexpected ignorance or unex- 
pected knowledge, and the work must then be slowed or speeded 
accordingly. We must make the best of fortune, good or ill. The last 


llecting data before arriving at conclusions. 
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word then is opportunism, taking the chance offered; freedom, rather 
than rigidity. 


(B)—OTHER TEACHING METHODS 
Introduction 


The earlier part of this chapter has been concerned with emphasizing 
that the ‘inductive method’ should be the normal method of present- 
ing the early stages of any piece of work. As much as possible is 
drawn out of the pupils themselves, from the knowledge they possess 
already, from their experimental observations and their powers of 
correlation and inference. They may think they do all the work; there 
is no need for the teacher to disillusion them. Nevertheless, he is 
present all the time, making suggestions, leading, guiding; he sees to 
it that the aims of the lesson are achieved. Science teaching on these 
lines is both a ‘drawing-out’ and a ‘leading’; it is a process of guided 
discovery. However, what has been described in part (A) of the 
chapter can be criticized on various grounds. Some critics may say 
that there is far too much guidance and far too little discovery; they 
would advocate a more thorough-going form of the heuristic method. 


The heuristic method 


The common use of the term ‘heuristic’ (Greek, heurisko = find) 
dates from the end of the last century, and is due to Professor H. E. 
, dissatisfied with contemporary science teaching, 

looked and worked for reform. Essentially, the method requires that 
the child should approach his scientific studies from the position and 
in the spirit of a research worker. *The pupils are Supposed to dis- 
cover by their own experiments, with little or no suggestion from the 
teacher, the solutions of problems set to them, or of problems which 
they themselves Suggest.’ It is a demand for 
receptivity, for discovery rather than dogma. Fi 
the object of the lesson, in the form of a problem; 


Worker. Few children can have the intelligence and ability of an 
original investigator, or, for that matter, the time to Spare. To quote 
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again: *He (the pupil) cannot expect to rediscover in his school hours 
all that he may fairly be expected to know; to insist that he should try 


to do this is to waste his time and his opportunities.’* 

However, provided an extreme position is not adopted, and given 
the constant help and Suidance of the teacher, then the heuristic 
method is the same as the ‘normal method’ suggested in part (A) of 
this chapter. The child is in the position of an investigator, but in- 
stead of being an original research worker, he is a member of a 
team engaged upon the same investigations, and we, the teachers, are 
the leaders of the team. If we cannot adopt Professor Armstrong’s 
methods in entirety, we can at least let his ideas act as a leaven in a 


mass of teaching that often consists of stodgy, indigestible lecturing. 


The following extract f puts the case clearly: 
art but a conviction gradually 


It is in no sense mere opinion on my 

forced upon me and established beyond all doubt by actual trial and 
Observation during many years past, that the beginner not only may but 
must be put absolutely in the position of an original discoverer; and all 
Who properly study the question practically are coming to the same 
Opinion, I find. Young children are delighted to be so regarded, to be told 
that they are to act as a band of young detectives. For example, in studying 
the rusting of iron, they at once fall in with the idea that a crime, as it were, 
is committed when the valuable, strong iron is changed into useless, brittle 
rust; with the greatest interest they set about finding out whether it is a 

hether something outside the 


Case of murder or of suicide, as it were—wh | 
iron is concerned in the change or whether it changes of its own accord. 


A lady teacher who had thus presented the case to a class of young girls 
told me recently that she had been greatly amused and pleased to hear one 
of the girls, who was sitting at the balance, weighing some iron that had 
been allowed to rust, suddenly and excitedly cry out, *Murder ^. This is 
the very attitude we desire to engender; we wish to create lively interest 
in the work and to encourage it to come to expression as often, as emphati- 


cally, as freely as possible. 

The problem-solving aspect of science teaching has received special 
attention during recent years—in the ‘junior high schools’ of the 
United States, and in the ‘secondary modern schools’ of Great 
Britain. It is not sufficient for the teacher simply to put forward a' 
problem or question, and ask the class to help to solve it. His aim is 
to lead and encourage his pupils to decide upon problems that can be 
Solved by scientific techniques, fo define their exact nature before pro- 


ceeding /о devise the experiments, then /o interpret the data obtained, 
and finally to infer laws and generalizations. The last three of these 
processes—to devise, to interpret, to infer—have received adequate 

* Report on the position of Natural Science in the Educational System of Great 


Britain, 1918, p. 56. » - s 
T H. E. Armstrong, Special Reports on Educational Subjects, Vol. ii, 1898. 
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mention in previous chapters, but perhaps the first two have been 
insufficiently stressed. It is a question for the individual teacher to 
decide—how far is he bound by a syllabus of work that must be com- 
pleted? How far can he allow his pupils to investigate not only the 
practical and experimental problems he sets them, but also problems 
of their own devising? Within the framework of a strictly limited 
number of teaching periods, the teacher must strike a right balance 
between the acquisition of scientific knowledge, and the attainment 
of scientific skills. 


The deductive method 


To return to the introduction (page 32): criticism of an exactly 
opposite kind may come from those who think we lay too much 
emphasis on discovery and individual experiment. АП this, our 
second critic may say, is a waste of time; we have to plug our pupils 
with as much reproducible knowledge, in as short a time as pos- 
sible; and the test is: ability to pass examinations. Therefore, our 
critic claims, the syllabus should be arran ged logically, and by this he 
means, in such a way that each topic can be inferred by deductive 
methods from that which precedes it. In teaching magnetism, we 
start with a theory about molecular magnets; in electricity with 
electrons; in light and sound, with waves; and so on. Some text-books 
have been written upon these lines. 

This approach makes science a dull and dogmatic subject. It 
teaches the receptive pupil to be more receptive, but it does not 
encourage him to think, or to discover and correlate new facts. Even 
its examination value is doubtful, because the more interested the 
pupils the more they will learn. Nevertheless, theories, and deductions 
from theories, do have a large place in scientific work. In the earlier 
stages (junior and middle School) descriptive theories provide the 
pegs on which memory can hang otherwise isolated facts. For 
example, the kinetic theory of heat links together, and provides a 
simple explanation of, a large number of phenomena such as gas 
pressure, saturated and unsaturated vapours, boiling, surface tension 
and the absolute zero of temperature. Similarly, many of the discon- 
nected facts about the electrolysis of solutions are easily linked and 
remembered by the aid of the ionic theory. But theories are more than 
mere aids to memory. They enable us to ‘visualize’ what is happen- 
ing: for example to form a picture of vapour molecules leaving a 
liquid surface while others are being recaptured, thereby setting upa 
‘dynamic equilibrium’. Prévost’s theory of exchanges is another 
example: the phenomena become much more reasonable: we begin 
to see why. Instead of isolated details, we have a mental picture of the 


(—— — 
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whole. As Pasteur said, *Without theory, practice is but routine born 


of habit.’ 


While, therefore, deductive and dogmatic methods should not be 


used as a first approach tọ а new topic, theories have their place in 
relating one set of facts to another, in providing a mental picture 
and, in consequence, paving the way to new discoveries and new 
knowledge. We are constantly using both inductive and deductive 
methods, but the inductive approach almost always provides the best 


initial treatment of a new topic. 


Science teaching and the history of science: the historical method 


again in this chapter, emphasis 
1 development, and of con- 
ake the subject as simple 
that it presents the least difficul- 
‘logical development’ differs 
he way in which the 


_ At the beginning of Chapter ІП, and 
is laid upon the importance of a logica 
tinuity of thought. Naturally we wish to m 
and straight-forward as we can, SO 


ties to our pupils. The result is that our 
cal development, t 


very markedly from the histori 


ject—the straight (dotted) line 


"FIGUR i f a science sub; 
— esentation of a science j 1 
Катара ce from а state of knowledge, A, to à higher state, 


represents the ‘logical’ advan A, t 
B. The curved lines and *dead ends' represent the historical route 


ressed in the past. Science has followed devious 
Figure 2. Our pupils have to get 


from one level, A, in a branch of physics, such as *heat', to a state of 
greater knowledge, B. The syllabus allows, perhaps, two months to go 
from A to B. We try to follow the logical path represented by the 
dotted line. In fact, however, the scientists of the world may have 
taken two centuries or more to get from A to B, the path being long, 


Subject has prog 
routes, as may be illustrated by 


* This diagram was suggested by Professor H. Dingle. 
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winding and sometimes retrograde, as indicated by the curved lines. 
Not only that, but false tracks, represented by the dead 'ends, were 
often followed, paths that led nowhere and represented time wasted. 
Ought we not to make our pupils follow the same tortuous paths, and 
explore some at least of the blind-alleys? Óne author,* writing of the 
teaching of chemistry, has no doubt that we should: 


Personally I have never found any difficulty in getting a boy to ‘believe’ 
in the ‘truth’ of the sulphur-mercury theory of metals, to get him to 


abandon it for the phlogiston theory, or to abandon this in turn for the 
oxygen theory, ... 


What is the advantage of this roundabout method? To finish the 
quotation: 


‚+, With the result that the last theory is regarded by him їп а very different 
way from that in which a boy looks at it who has had it taught to him 
dogmatically. The latter, indeed, is a very difficult problem; explain the 
early theories to him as much as you will afterwards, and your labour will, 
in nine cases out of ten, be absolutely wasted. All he will say is ‘But, of 
course, all these theories were wrong, whereas we now know the correct 
explanation’, and once the boy gets into this state of mind it is pretty hope- 
less; I doubt if he will ever completely emancipate himself, 


(The historical method is particularly suitable for introducing cer- 
tain theoretical concepts; for example, in dealing with the nature of 
heat—the caloric theory, Rumford’s experiments, Joule's experi- 
ments and so forth. But, in general, it seems first, that the historical 
method takes too much time, and second, that the approach by the 
scientific method of personal observation, experiment and corrcla- 
tion of results with laws and theories is, in most cases, the best 
approach for the pupil at school; the pupil wants (о.е doing, rather 
than hearing about what other people have done. The historical 
method is not a suitable substitute for experimental work, but it is 
often suitable for teaching theory, either directly or for purposes of 
recapitulation. 

The teaching sequence presented in the syllabuses (Part V) is only 
occasionally the historical Sequence. It ‘short-circuits’ the detours and 
leaves the blind-alleys unexplored. It is the sequence that might have 
been followed, a simpler Sequence made by those who are wise after 
the event. Physics is difficult enough as it is, and anything that 
simplifies the work for our pupils is more than welcome. We must 
recognize, however, that simplification brings dangers: the risk of 
inadequate grasp and superficial knowledge; risk of contempt for the 
Work of the pioneers, whose difficulties, human and material, may 


* Dr. E. J. Holmyard, School Science Review, June 1924. 
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not be appreciated and understood. These dangers may be avoided, 
perhaps, by an intensive study of the history of a few restricted 
topics, a suggestion which will be elaborated in Chapter VIII. 
То summarize: о 
1. In general, the historical method of presentation is too cumbersome’ 
and time-wasting to receive serious consideration as a main teach- 
ing method. Moreover, sufficiently detailed information about the 
history of every branch of Physics, even at the school level, is not 


available. 

2. The historical appro 
introducing important p 
theory of light, and the ionic 


dogmatic statement is avoided. ei ар 
3. For older pupils, a course of lectures and discussions on scientific 


method and the nature of science may well include an intensive 
historical study of one or two quite limited physical topics (see 


Chapter VIII). 
There is one other poi 


ach, however, is sometimes the best way of 
hysical theories: for example, the wave 
theory of electrolytes. The danger of 


nt about the usefulness to the teacher of a 
knowledge of history. If he is in doubt about the best method of 
presenting and developing a new topic, a study of the history of the 
Subject may lead him to discover a natural continuity of thought and 
a method most easily grasped by the pupil. This argument is based on 
the theory that: the pupils’ knowledge and ideas are similar to those 
of the original discoverer. For example, chemists, before the time of 
Priestley and Lavoisier, regarded air and water as simple substances, 
While nitrogen, hydrogen and oxygen were considered complex. So 


does the child of today, entering the laboratory for the first time. 


Therefore our first lessons in science should start with air and water, 
as advocated in Chapter II of this book. Again, when Torricelli in- 


verted the first barometer tube, there was an empty space above the 
mercury—a fact that contradicted Aristotle's dictum *Nature abhors 
a vacuum’. This led to an argument; many refused to believe that 
anything so insubstantial as air could support so great a weight of 
mercury; some even said that they could feel the invisible threads 
from the top of the tube, supporting the mercury!* By enclosing air 
in one limb of a U-tube, Boyle set out to show that, not only could air 
support a 30-inch column of mercury; it could easily support a 
* This is not so silly as it seems. Let a pupil make a barometer with a tube 
open at both ends, keeping a finger over one end all the time (for this purpose 
the tube need not be of full barometric length, nor need all the air be removed 
from it). The mercury column stays in position so long as his finger is in place. 
What does he feel? Does he not feel the ‘threads’ in the vacuum pulling his finger 
1 this sensation in modern terms, by means of 


down? (How should he explain 
pressure’?) 
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column twice as high. Naturally he was immediately led to observe 
that, at the doubled pressure, the column of the air was halved.* 
This then is the way in which we can introduce Boyle’s law to a class, 
perhaps after a discussion of the mercury barometer. (A different 
introduction, making use of a bicycle pump, is suggested in Syllabus 
‘B’. Robert Boyle (1660) had no bicycle!) 
A fourth point about the place, in science teaching, of the history 
of science is therefore: 
4. A knowledge of history may suggest the right method of approach 
to a new topic, even when, though this is not necessarily the case, 
a simplified, rather than an "historical, development is adopted. 
Lastly, the history of science is a part, and a very important part, 
of the history of the human race. Duting the last three hundred years, 
scientific discoveries and applications have played a much greater 
part in the development of the modern world than has any other 
single factor. The history of science is therefore a matter of great 
importance to the teacher of history as well as to the teacher of science 
— greater, perhaps, because it is possible to teach science without 


history, but it is certainly not possible to teach history while ignoring 
Science. 


The biographical method 


The historical method n 
its essential requirement i 
the biographical method 


еей not be concerned with persons at all; 
s the retracing of the historical route. But 
follows the original discoverer’s successes 
and failures, his hopes and disappointments—all that constitutes the 
romance of science. Accordin g to this view, science is not primarily a 
method of studying the world around us, it is an ‘expression of the 
human spirit’. Pupils should appreciate this expression, and should 


feel this romance. Е. W. Sanderson, the famous Head Master of 
Oundle School, wrote: 


ү 'discover'—faint deception—these well- 
known facts (e.g. Archimedes" principle). Rather, read 


the long procession of experiments, the 
number and wonder of the Stuffs, the diversity of method, the trials and 
Suggestiveness, the atmosphere of dis- 
researches, and watch the belief, the 
ve-ness. Read the record of this long 


* His law was right, but his theory was wrong; he supposed that air was made 
up of particles like springs that could be compressed. He called his work ‘Experi- 
ments touching the spring of air’. However, the law was based securely on 


experimental observation, and was unshaken by the falsity of the theory used to 
explain’ it. 


" 
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ушеу. *Wound many coils of copper round, one half being separated 
by twine and calico.’ ‘Took a yard of copper wire, and wound silk round 
it, and then wound a second layer of silk.’ Read his diary. ‘Have got 
орн for to-day.’ ‘An excellent day's work.’ ‘September 23, 1831. I 
think I have got hold of a g»od thing.’ Third day, ‘No result.’ October 1, 
Slight effect.’ Fifth day, October 17, ‘Think the cause is seen." Sixth, 
Seventh and eighth days, no record. October 28, ninth day, ‘A copper 
ting turns.’ Tenth day, November 4, 1831 (the year before the Reform 
Bill, but Faraday is not mentioned in serious history, save in a footnote), 
Electric Induction is beyond dispute.” A new creation story! Many will 
believe the story of these researches is the invention of a literary artist. 


Physical science is usually regarded as b 
study; the biographical method, on the contrary, emphasizes the 


human interest of the adventuring of man’s spirit into the unknown. 
One account of the ascent of Everest may be a factual account of the 
Places the expedition visited, the routes taken, the decisions made and 
the reasons’ for making them, the final success. Another account— 
the biographical—may record the feelings of the men, their hopes and 
disappointments, the fears and frustrations, the slow monotonous 
Weariness of the ascent, the exhilaration of victory—and perhaps, the 
flatness that comes with the realization that the dream of the first 
ascent, the ambition cherished for so many months, has been 
Tealized and, therefore, can never be realized again. But in science, 
even more than in geographical exploration, there are always new 
hopes to be realized and new victories to be won. 


*.. the scientific method, cultivated as ап end in itself, resembles the 
Method of the man of science only as artificial respiration resembles 
Natural breathing. Our proper aim, then, is to make our pupils feel, so 
аг as they may, what it is to be, so to speak, inside the skin of the man of 
Science, looking out through his eyes as well as using his tools, experiencing 
Not only something of his labours, but also something of his sense of 


Joyous intellectual adventure. * 


eing a purely materialistic 


But we must come down from the heights of Everest, we must be 
realists, We have a job to do, our pupils may have to pass examina- 
tions, and the human spirit finds little place in an examination answer. 
Time will not allow us to pursue the biographical method very far 
— but let the idea remain at the backs of our minds, there to bring 
forth fruit when the occasion is ripe, the opportunity offers, the time 
is available. What opportunity? The opportunity for pupils to read 
about, and concentrate upon, and saturate themselves with, the per- 
Sonality and thoughts of one great scientist during one part of his life. 
Far better the close and intimate study of a few years, even a few 


* Sir Percy Nunn, quotation in Science in Education by H. H. Cawthorne, 
Oxford University Press. 
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months, of one man's life, than the quick synopsis of the discoveries 
of many men. Our object here is not to learn facts but to trace the 
workings of the human mind and spirit. Who? One, or two, chosen 
from Copernicus, Galileo, Boyle, Newton, Cavendish, Regnault, 
Faraday, Maxwell, Ampere, Ohm, Kelvin, Marconi, the Curies, J. J. 
Thomson, Rutherford and many others. How to choose? Whoever 
we can find out most about. Some sources are mentioned on page 336. 


The * How does it work? approach 


that is often useful, but not invariably true. If 
and the lever ‘simple’, it may be better to 
to the simple, and then back to the com 
teaching method can be represented: 


SIMPLE——>COMPLEX 
But sometimes we may more effec 
pupils, raise a problem in thei 
room, by the method: 


tively arouse the interest of our 
r minds and bring reality into the class- 


COMPLEX——>SIMPLE——_> COMPLEX 


Of course, this is just another example of the wa 
Progresses. The scientist, faced with a difficult 
down into simpler parts, each to be dealt 
analyses. Then he synthesizes—puts together th 
an explanation and an understanding of the с 
that first confronted him, 


y in which science 


We have reached the end of this Survey of teaching methods. Brief 
thought it is, it contains many ideas, many ideals, much that is con- 
fusing. So here is a last word of advice: the young teacher should 
understand and put into Practice the five precepts stated on page 31. 
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When he has had some little experience of teaching, he should also 
Study the later sections and discover what appeals to him—the 
heuristic method, with the child stating and solving his own problems 
—or theories and the impertance of mental pictures—or history and 
the avoidance of dogma—or biography and the expression of the 
human spirit—and lastly, the simple interest that children have in 


taking things to pieces. 


CHAPTER V. 
'The Teaching of Pre-University Work 


*Pre-university work’ includes work of a higher standard * than is 
likely to be attained in many tropical schools at the present time 
(1956). 


Teaching method 


During the last two or three years.of their school life, pupils taking 
Physics normally specialize in the subject, and in one or two other 
Science subjects, or mathematics. More time is available and more 
ground can be covered in each teaching period. Pupils are better able 
to work on their own, both inside and outside the laboratory. How- 
ever, the general method of teaching should be the same as that used 
in the middle school, summed up in the precepts: 

1. In presenting a new piece of work we follow the scientific method 
of collecting data and making experiments before arriving at con- 
clusions and stating principles. 

2. We proceed from the known to the unknown. 

3. If possible, a problem is posed. 

4. Continuity of thought should be maintained. 

5. Activity—we keep the class busy, and therefore interested. 

The last requirement should not now present very much difficulty; 
presumably all the pupils are fundamentally interested, otherwise 
they would not be in the class. Most of them will have a definite aim 
in view and have, therefore, a greater sense of urgency in their search 
for knowledge: the drive comes more from the class and less from the 
teacher. The time for lectures of an hour's duration, on the university 
model, has certainly not yet come; but the teacher may now allow 
himself as much as fifteen minutes of uninterrupted exposition, in- 
stead of the five minutes which are about the maximum in the middle 
school. Students may now be given more reading and encouraged to 
make more use of library books as well as their own text-books. The 
reading should be in the student's own time; it is not suggested that 

* [t is the standard of the Overseas Higher School Certificate, or General 
Certificate of Education ‘Advanced Level’, examinations set by examining boards 
in Great Britain. In a number of countries, work at this level is covered in the 
first years of a university course, and nor in the schools. This chapter should 
therefore be ignored by a teacher who finds, on inspection of the ‘pre-university’ 


syllabus in Part V, pages 227-332, that such work will not be attempted in his 
particular school. 


ee eee 
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and laboratory periods should be 


large portions of class-room 
precious to be used 


occupied in reading books. These periods are too 
in this way except when circumstances make it necessary : for example, 
when a teacher is in the awkward position of having to take several 
small classes at the same time, or when the 'assignment method" 
(page 49), or some modification of it, is being used. Both written and 
reading work may well be set fora whole week, the teacher not worry- 
ing about when the pupil does it, so long as it is done. The to-and-fro, 
give-and-take, of question and answer, which is a feature of middle 
School teaching, continues at the new level, but the pupils' questions 
are more searching and relevant; also the class often—and rightly— 
tends to become a discussion group, in which the teacher may fre- 
quently find his statements attacked by reasoned argument. The 
teacher to whom this happens is succeeding in his primary aim of 
encouraging his pupils to think; he should strive to make full use of 
the interplay of minds which the discussion-group technique makes 


Possible, 

We expect, then, that the pre-university pupil will take greater 
Tesponsibility for his own reading and written work, and that he will 
join more freely in discussions: these are two facets of the greater 
emphasis on the individual pupil at this stage. Classes should be 
smaller than in the middle school, fifteen students perhaps—though, 

nty or thirty. Even so, the pupil 


admittedly, sometimes there are twe 
divides his time between hard individual study and work shared with 


fellow-pupils. Individual study requires practice, and it may be that 
the young student has not the ability to work on his own; in that case 
he may seem to relax and to remain stationary instead of pushing on 
Into the realms of specialist physics that lie before him. In the follow- 
ing quotation,* ‘sixth-form’ should be read as ‘pre-university class’: 


that the first year in the sixth- 
to be marking time instead 
Work for which they are rea 
Which they never recover. 


In Physics, as in history, pupi 
School years, from dictated no 


* British Ministry of Education Pamphlet No. 


Form, page 12. 
T.P.—E 


Is who are taught, during their earlier 
tes and compressed text-books, are 


19, The Road to the Sixth 
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often unable to exert selective judgement in planning their work and 
in extracting salient points from their books. They may indeed be 

unable to work by themselves at all. If, however, pupils have been 
taught along the lines, and by the methods, suggested in previous 
chapters, this difficulty should not be experienced. Some slackening, 
some relaxation of tension, may well be expected, if they have been 
working intensively in order to pass an external examination; but 
this phase should be brief and by no means а complete loss. Pupils 
Should be assimilating a new and more individually responsible 
method of working. This does not mean that the teacher's task is 
made easier—far from it! It is always more difficult to train people 
to be self-reliant and to be capable of working on their own, than it 
is to do the actual work. 

The upper, pre-university classes naturally derive most of their 
methods of work and their general ‘atmosphere’ from the middle 
school which they have attended, but they should also be forward- 
looking towards the universities, with their traditions of liberal educa- 
tion, and their full encouragement of individual development. 


An example: the pre-university treatment of the gas laws 


(a) The previous work is revised, the details being extracted from the class 
by the teacher’s questions: What experiments have pupils performed 
(or seen performed) on the relations between volume and pressure, and 
volume and temperature, for air? Details, please? What results? 
Boyle’s and Charles's laws. Absolute zero—how did we arrive at this 
idea? What is meant by the absolute scale of temperature ?—Charles’s 
law: the volume of a given mass of gas varies directly as its absolute 
temperature, provided the pressure is constant. How did we measure 
temperature?—On a mercury thermometer; so what we are saying is 
that, within the limits of some not very accurate experiments, the 


volume of a gas varies directly as the absolute temperature measured 
on the mercury scale. This statement is explained. 


Pupils should then perform experiment B.14, page 279, if they have 
not already done so. 


(b) The advantages of adopting a gas-scale of temperature are discussed. 
Charles's law becomes an assumption* instead o 


determined law: we agree to measure temperatur 


ture (7) such as that of the local water supply. 
brine. Then, with the usual notation, 


„Бы det 
100 Дд»— 
l; meaning the length of the air column at t° C., etc. 


* See note at the end of this chapter, page 51. 
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We note that, if we write Charles's law in the form 
ve = vo(l + at), 

where ¢ is temperature in degrees Centigrade, then « is experimentally: 
determined to be about 1/273 per? C. Gas volume has now been assumed 
to vary linearly with temperature, but the rate of variation must be found 
by experiment. 

We use ру = constant,, and v/T = constants, to obtain the third 
equation 
T = constant,. From the equations, 

ve = vwd + at) 


т = Poll + В) 


and 
and Do. Vt = Pto А 
we show that a = В | S 575 per E с). 


Experiment С./9 (page 302) is performed, and В is determined and 
shown to be 1/273 per ° C. within experimental error. If ice is obtainable, 
the constant volume apparatus is used as a thermometer to determine 
an unknown temperature, e.g. boiling saturated brine, or a freezing 


mixture of ice and salt. 
tus, namely, the constant volume 


A. more accurate form of appara 
hydrogen thermometer, is adopted as the standard for temperature 
the work scale of temperature may 


measurement. (A passing reference tot { а | 
be made, but at this stage the subject is obviously beyond pupils' 


capacity.) 


Items (a) and (b) ab 
40-minute periods of 
exposition. Proofs (¢.8- 
pupils assisting in the S 


ove, without the experiments, may take two 
question and answer, discussion, and brief 
of a = В) are written on the board with 
tage-by-stage development. Whether state- 
ments of laws and definitions have to be copied depends upon pupils’ 
previous knowledge. Note-taking should be kept to a minimum, and 
the pupils encouraged to use text-books. Experiments are, of course, 


done in separate practical periods (see Chapter IX). 


(c) The third period is occupied by revision, discussion and exposition 
of the meaning of absolute zero and absolute temperature. New work 


М : y : 
is as follows: we write the equation, = constant in the form py = RT. 


Is Raconstant?—Yes, for a given mass of gas. There are two commonly 

used values of R, for 1 gram and for 1 gram-molecule. R for a gm.-mol. 

is the same for all gases: with whose law (or ‘hypothesis’) is this 
linked? ? i 

(d) The fourth period consists of a short lecture, with reading and dis- 
cussion. The teacher gives а ten-minute talk on the nature and assump- 
tion of the simple (qualitative) kinetic theory, and on how it explains 
certain phenomena. The class spends fifteen minutes, say, In reading 
the account of this in the text-book. There follows fifteen minutes of 
question and answer. 
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The ideas of the kinetic theory of molecules may seem simple to 
us, but are unfamiliar to pupils although they have met them at an 
earlier stage: hence we adopt the double approach of lecture and 
reading before discussion. But the teacher must be brief, avoiding the 
danger of too much talking on this diffuse subject. Pupils must read 
and think for themselves. 

Teachers taking classes at this level are always in something of a 
quandary. How much may we assume pupils to know already? What 
is our starting point? A few leading questions usually bring us to the 
discouraging conclusion that they know nothing—we must start 
from the beginning! But that is not so: the previous learning may 
have been somewhat superficial, but the ground has already been 
prepared for the new seed, and to go on ploughing the old work over 
and over again is a mistake. We have to strike the correct balance 
between revision and new work, and therefore the lesson plan must 
be something like that suggested above. The Speed and emphasis of 
the lesson must be easily adaptable to the needs of the class, needs 
that may become apparent only during the actual giving of the lesson. 
The teacher may feel more at ease when he reaches work that he 
knows to be completely new to the class. 


The next stages of the work on kinetic theory may be beyond some 
pre-university syllabuses: 


(e) In the fifth and sixth 

pressure of an ideal gas 

(i) Explanation of the 

drawing conclusions 

no further in our investigations of the nature of gases. So we adopt 
another method: we 

simplest possible kinds of molecules, round hard balls. We then 

deduce how such a gas would behave, and compare our deductions 

with what we observe about real gases (see (vi) below). We may 

compare the position of a detective trying to solve a murder 


(ii) Assumptions of the kinetic theory are listed and written down. 

(iii) The proof of the equation py = 4Mu? is worked out Stage by stage 
on the blackboard, discussed at each stage, and copied by pupils 
into their note-books. What is the exact meaning of “и? in this 


(iv) By assuming that T сс 4Mu®, we get py = RT for an ideal gas, і.е. 
one having the sort of molecules postulated in (ii), 

(v) Other conclusions, e.g. Avogadro’s hypothesis, also follow, for 
an ideal gas. 


(vi) Within certain limits, and to a certain degree of approximation, 


THE TEACHING OF PRE-UNIVERSITY WORK 47 


he laws deduced for the ideal gas. 


we see that real gases obey t 
assumptions in (ii) were, for these 


Hence we conclude that our 
purposes, very near the truth. 
At a later date we should discuss de 
extent to which the asstimptions in 


viations from the gas laws and the 
(ii) must be modified. 


Some problems of the pre-university level 

е? — Should all the work on one topic— light" 
versity syllabus be completed before 
Id the first year be concerned with the 
‘heat’, ‘light’, ‘electricity’ and so on, 


which will be concluded in the second year? If a free choice is 
possible, then the second alternative, of completing the work in 
two stages, is fairly obviously the better. But other considerations 
may influence the decision; for example: 

(Б) Pre-university classes are small, and first- and second-year pupils 
must be taught at the same time?* — If the work is done in two 
stages, the teacher has to spend half his time teaching the first 
pre-university year, while the second-year pupils read; then he 


teaches the second-year while the first-year pupils read—an un- 


satisfactory solution. A better way is for the teacher to divide the 
d of horizontally. For 


syllabus vertically, so to speak, instea 

example, one year’s work may be a syllabus, let us call it ‘X’, 

including: 

X—Mechanics and properties of matter; Sound; Light. 
The next year’s work is a syllabus *y’, including: 
Y—Heat; Electricity and magnetism. 

covers the ‘X’ syllabus with both sets of 
r the *Y? syllabus. Thus all the pupils 
rs, but some do ‘X’ first and some do 
ke three years, then *X' and ‘Y’ may 
an entirely satisfactory solution, but 


(a) Two stages or on 
for example—of a pre-uni 
another is started? Or shou 
more elementary sections of 


During one year the teacher 
pupils, during the next yea 
cover all the work in two yea 
*Y* first, If the course is to ta 
each occupy 14 years. This is not 
perhaps the best in the circumstances.T 


(c) The weekly arrangement of lessons: one : 
have seven periods for Physics each week, three of which are 


practical periods in the laboratory, we are left with four class 
periods. Should we arrange to take two a week for ‘heat’, say, 


arise, of course, if th 


subject or two? — If we 


* This problem does not e assignment method (see page 
49) is used. E Era fe 

T Incidentally, the same method is often adopted at universities, not usually 
because of small numbers but because of the greater freedom of choice made 
Possible: some students take the “Xx? half of a two-year course in the first year, 
while others take the “У” half. Next year they change over to *Y' and ‘X’. In this 
case both ‘X’ and “Y° courses are running at the same time. 
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and two a week for ‘electricity’, or should we take four periods a 
week for ‘heat’ till the syllabus is covered, and then start on 
‘electricity’? The decision here is very much a matter of personal 
preference. Some experienced teachers follow the first alternative, 
others the second. Adopting an electrical terminology, we might 
call the first arrangement ‘parallel’, and the second ‘series’, The 
parallel arrangement certainly has advantages for the inexperi- 
enced teacher; it tends to prevent him from spending too much 
time on one subject to the detriment of the other. However, the 
more concentrated treatment of one subject at a time has much to 
recommend it. Pupils really believe that they are getting some- 
where; they can plan their work more easily, and the arrangement 
has less resemblance to the fragmentary curriculum of the junior 
and middle schools, where four different subjects may be studied 
in a morning, followed perhaps by three others in the afternoon. 
It is not necessary to wait till all of ‘heat’ is covered before start- 
ing on ‘electricity’; the work can be subdivided into blocks cover- 
ing several weeks, and the more elementary sections of ‘heat? can 
be followed by the elementary ‘electricity’. 

This general approach of the ‘series’ rather than the ‘parallel’ 
arrangement presupposes, of course, that one teacher is respons- 
ible for all the Physics with a particular class. If the work is shared 
between two teachers, it is much better for one to be responsible 
for some branches of the subject (e.g. ‘mechanics’ and ‘heat’), 
and the other for the remaining branches, otherwise confusion 
and overlapping are almost bound to occur—even, perhaps, some 
degree of disagreement and controversy! 


(d) Undecided pupils, and other ‘hangers-on’ ! — Teachers of senior 


forms of university aspirants are often hindered by the inclusion 
in their classes of pupils who have passed more elementary exam- 
inations, but are undecided as to whether they will stay to the end 
of the course. Others may intend to leave after a year or so, and 
are only filling in time. What should the teacher do about these? 
Should he divide them from the rest of the class and attempt to 
deal with them separately? If the proportion of such pupils is not 
too large, the answer to this question should be, ‘No!’ They must 
take the course seriously and, so far as it lies within their ability, 
keep up with the rest of the class without retarding its progress. 
On leaving school they will be more likely to continue their 
studies if they feel that their education has been incomplete but 
good, than if they feel they have had a complete but inferior 
course. In order to give them an objective towards which to work, 
it may be possible for them to take, after one year only, some 
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kind of subsidiary examination at intermediate level, or a suit- 
able internal examination may be arranged. But the main stream 
of pupils should not be inflicted with external examinations at 
the half-way stage; they should be allowed to proceed without 
hindrance to their final examination. 


The assignment method 
Those who have taken a postal correspondence course—a course in 
‘English’, ‘Chinese’, ‘Hygiene’ or ‘Banking’ (there are many available 
subjects of study)—will be familiar with the method. First the money 
is paid—and the educational institute concerned takes care to see 
that the full fee is paid before the start! The printed handbooks 
arrive, or, alternatively, a list of books to buy or borrow. Then the 
first assignment of work—pages and chapters to be read. Written 
work is demanded; work graded in difficulty, easy at first, harder 
questions at the end. The books are read, the questions are worked 
through, and the answers are sent back to be marked. Then the 
second assignment arrives, together with the first answers corrected, 
with comments, and possibly some mark attached, something be- 
tween A -+ and C — maybe. 
Clearly, a similar method may be applied to pre-university teaching 
in schools. The teacher divides up the work in each subject into a 
number of units, called ‘assignments’. Each unit assignment may be 
intended to take one week of Physics periods, including home-work, 
etc., for the average pupil. Since pupils work at different speeds, 
assignments must be ready for some weeks in advance. Pupils should 
first be given an outline of the work for a longer period, say for half 
а term. This can best be done in an initial discussion period at the 
Start of the course. The weekly assignments must be reasonably 
detailed and may consist of: (i) a few introductory and explanatory 
remarks; (ii) a statement of the work that must be read and learnt by 
everyone; (iii) some more extensive but optional reading for those of 
greater ability who proceed at à faster rate; (iv) questions requiring 
One-word and one-sentence answers, numerical problems, longer 
questions of the type that may be set in the final examination, an 
Occasional essay: enough to keep the fastest workers satisfactorily 
he slower pupils must be able to find a 


Occupied. At the same time, t П t be a | 
good deal that they can answer. Pupils may work individually, or in 


Small groups of two or three. During class-room periods the teacher 
is at his desk, ready to answer questions and give advice to individual 
Pupils. So far as possible he tries not to interrupt the work of the 
Whole class. He permits quiet talking, movement around the room to 
fetch books, etc., and assistance given and received between pupils. 
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The work can continue during private study periods, although the 
assistance of the teacher is not then available. Pupils can carry on the 
work at home, or during ‘preparation’ periods. Practical work may 
be integrated into the system, although, urless many sets of the same 
apparatus are available, we may have to rely on pupils proceeding at 
different rates, and soon getting out of step, so that the apparatus 

used by a more quickly advancing pair in one week, is used by a 

slower pair of pupils a week or so later (see page 92). However, if this 

is a difficulty, it may be overcome by dividing a large class into, say, 
three sections, each studying a different subject: we can arrange, for 
example, to have three sets of pupils reading respectively ‘heat’, 

‘light’ and ‘electricity’, at the same time. к 
One obvious disadvantage of the method is the amount of time the 

teacher must devote to preparing the assignments, and to marking all 

the questions that have been answered. What are its advantages? 

1. Normal class-teaching methods tend to be ‘geared’ to the require- 
ments of the middle range of the class, the pace being too slow for 
the cleverest, and too fast for the weakest pupils. The assignment 
method allows each pupil, within limits, to proceed at the pace that 
suits him best. For each pupil a balance can be struck between 
width and depth of learning, that is, between amount of work 
covered, and the thoroughness with which it is done. Moreover, 
if a pupil is absent for a week or so, he can start again where he 
left off. 

2. The pupil receives useful training in working on his own, training 
that will stand him in good stead when he goes to a university: the 
gap between school and university is to a large extent bridged. He 
learns to use books and to take notes from them. Instead of learn- 
ing from one book only, he may consult several texts. 

3. Pupils may work in groups of two or three, thus emphasizing the 
co-operative element in the learning process. Ordinary teaching 
methods, with their tests and examinations, may introduce too 
much competition. Both co-operation and competition enter into 
after-school life, but it is a pity, from the point of view of personal 
and international relationships, to stress the competitive element 
unduly. Moreover, teachers and pupils meet each other as indi- 
viduals co-operating in a common task. 

Better pupil-teacher relationships, co-operation, training in work- 
ing on one's own, proceeding at the right pace: all these may be 
achieved by the assignment method; but ordinary methods, if 
properly used, can achieve as much. Is not the teacher who is leadin g 
his pupils on a ‘conducted tour’ through a new field of knowledge, at 
least as much in contact with them as he would be if he were sitting 
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on the dais in front of them, while they attempt to extract knowledge 
from books? Is it not the art of the teacher, as of the university lec- 
turer, to put before his pupils truths and-principles well known to 
himself and many others, possibly known to men for centuries past, 
and yet to invest them with vitality and freshness as if they had just 
been discovered (as indeed they have—by the class)? And is not this 
better done by the teacher, than by the printed matter in any text- 
book? Whether we shall answer ‘yes’ or ‘no’ to these questions is a 
matter of personal opinion. Many pupils, throughout the world, are 
taught by the assignment method with satisfactory results; a far 
greater number are taught by normal class-room techniques with 
equally satisfactory results. 

The assignment method may be applied, of course, not only to one 
subject at pre-university level, but to the whole school at all levels 
and in all subjects. It then becomes the ‘Dalton plan’.* 


A note on the meanings of ‘assumption’ and ‘h ypothesis' in science 


The difference between an assumption and a hypothesis should be 
pointed out to pupils. ‘Decision’ would be a better word than 
‘assumption’, since the latter contains the suggestion that we are 
assuming something to be true because we cannot prove it, and this is 
not so. When we decided to measure temperature by the expansion 
of mercury in a thermometer, We decided to assume that the number 
representing any temperature in °С, (or? F.) was proportional to the 
volume of the mercury at that temperature. We must make some 
decision about how to measure temperature, and we choose the 
method of the mercury thermometer. But we cannot then assume that 
temperature is proportional to the volume of a gas kept at constant 
pressure; or alternatively. if we do, then we must scrap the original 
assumption referring temperature to the mercury thermometer—we 


must discover by experiment whether the volume of mercury is pro- 
e and, of course, We find that it is so 


portional to its temperatur: 
urately. In other words, mercury ther- 


approximately, but not acc I ‹ 
mometers have to be corrected to gas-scale readings. 
his class a first lesson 


A student doing teaching-practice once gave 
on the mercury thermometer. He rightly decided that they should 
learn to use thermometers, and announced the title of the experiment, 
*To show that the boiling point of water is 100° C.’ This experiment 
is wrong in principle: 100° С. is defined to be the boiling point of 

* The method is so called because it was first applied by Miss Helen Parkhurst 
and Mrs. Murray Crane to the boys and girls of the High School in the town of 
Dalton, Massachusetts, U.S.A. Details of the Dalton plan can be found in books, 
written by Helen Parkhurst and others, published in the United States and in 
Great Britain. 
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water (under certain specified conditions). The experiment should 
have been “То test the accuracy of a mercury thermometer at the 
upper fixed point’. In this case a further complication was the fact 
that the class obtained results ranging between 95? C. and 106* [i 
and the student insisted that water boils at 100° C. If he had rightly 
phrased the experiment, he would not have found himself in such a 
predicament! 

Physicists have to make many decisions about the various numbers 
that shall represent the quantities they measure: thus 0° С, is the 
melting point of ice by definition, and the zero of potential in electro- 
statics is the potential of a conductor remote from all other con- 
ductors, by definition. Physicists also have to make other decisions or 
‘assumptions’: thus the definition ef one ampere does not tell us 
what 2 amperes are; we have further to assume (decide) that 2 amperes 
is the current producing twice the magnetic effect of 1 ampere, when 
all other details of the electrical circuit are the same, instead, we 
could have decided that 2 amperes is the current that produces twice 
the heating effect, a decision which would have been quite possible 
and on which a logical system of current measurement could have 
been built up; but in that case the magnetic effects produced would 
have been proportional to the Square root of the current. As it is, we 


measure by assuming (deciding) that it shall be proportional to the 
rate of change of momentum produced (Newton’s second law). 


explain by means of the corpuscular theory the fact that both re- 
flection and refraction could occur simultaneously at a water or glass 
Surface, Newton introduced the So-called ‘theory of fits’ of easy 
reflection and easy refraction. Again, supporters of the caloric theory 
of heat, faced with the awkward fact that much heat was produced 
When surfaces are rubbed together, as in Rumford’s cannon-boring 
experiments, invented the ad hoc explanation that caloric was 
Squeezed out of the abraded metal. This was partially refuted by 
Rumford, who showed that an enormous quantity of ‘caloric’ must, 
on this explanation, come out of a very tiny quantity of metallic 
powder; doubtless however, if pushed to it, the calorists could have 
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lanation. Hypotheses are most satisfactory 
de range of observations, often in quite 
at case they become important physical 


invented yet another exp 
when they explain а wi 


different fields of study; in th 
theories, e.g. the kinetic and the ionic theories. 
The term law seems to be applied both to assumptions (e.g. New- 


ton's laws) and to generalizations from observation and experiment 
(e.g. Boyle's law). It is easy to see how this double meaning arises; 
first, because the exact status of the new ‘law’ may not be immediately 
obvious to those who enunciate it, and second, because the status 


may change: e.g. Charles's law for, say, hydrogen, is an experi- 
mental law if we measure temperature on the mercury scale, but is 
an assumption (except for the 1/273 part) if we measure tempera- 


ture on the hydrogen scale. 


CHAPTER VI- 
The Teaching of the Various Branches of Physics 


The methods described in previous chapters may be adopted for the 
teaching of all the branches of Physics included in suitable Syllabuses 
such as those suggested (pages 227-332). 

However, it is necessary to consider here certain problems which 
arise in dealing with the various branches of the subject. 


c 


Mechanics 


Under the name of ‘applied mathematics’, mechanics is taught by the 
mathematician. Since the Physics syllabus is already very large, there 
is a temptation for the physicist to abandon the subject to his mathe- 
matical colleague: the time thus saved is a very welcome addition to 
that available for ‘light’, ‘heat? and other subjects. We physicists, if 
we do this, are making a grave mistake. For two reasons: 

First, because mechanics is ^ undamental to the teaching of Physics, 
and not only Physics, but other sciences as well. Until Galileo had 
clarified our ideas about the motions of moving bodies, and until 
Newton had expressed those ideas, together with the conceptions of 
inertia and force, in the laws of motion, no progress in the field of 
mechanics was possible. And, until mechanical quantities, such as 
mass, force and energy, were clearly defined and understood, very 
little progress was possible in other branches of science (except, to a 
certain extent, in biology, the classification of plants and animals—a 
continuation of the work begun by Aristotle). The teacher of mathe- 
matics is unlikely to appreciate this point of view—or to worry much 
about it if he does. Therefore the early stages of mechanics should 
always be in the hands of the Physics teacher. 

Secondly, because experiments in mechanics, and the conclusions 
to be drawn from them, are more easily understood than experiments 
in other branches of Physics. The nature of motion, matter and force 
are still matters of discussion among mathematicians, physicists and 
Philosophers; but to the pupil in the laboratory, these conceptions 
are far less abstract than heat, light or electricity. Further, 
mechanical ideas are constantly used to explain, by analogy, the 
results of experiments in the other fields—sound as a result of 


to-and-fro motion of particles, the ‘water analogy’ in electricity, for 
example. 
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At the pre-university stage the teacher of mathematics may well be 
expected to spend much more time on 'applied maths.' than the 
Physics teacher does on ‘mechanics’. The former rightly concentrates 
on the working of numerical examples, an essential requirement for 
the proper understanding of any branch of mathematics, but one for 
which the physicist cannot find sufficient time. At the pre-university 
level the Physics teacher should concentrate upon two objects: (i) the 
inculcation of correct mechanical principles; (ii) the experimental 
side of mechanics teaching. As an example of the need for (i), the 
author would cite his own experience with pre-university Physics 
classes also studying mathematics: pupils could work out all kinds of 
complicated examples on conservation of linear or angular momen- 
d not the slightest real under- 


tum, but on questioning, they showe 
standing of these principles; in fact, they could not state them in 


words. Therefore the principles had to be thoroughly discussed in 
Physics periods, although, in this instance, there was no need to 


spend much time on numerical problems. 


eaching of mechanics — The same method 
formulation of definitions and conclu- 
sions, more exact experiments leading to laws) is used in teaching 
mechanics, as in other branches of science; but, since the phenomena 
are simpler to understand and much more a matter of everyday 
experience, greater emphasis can be placed upon arriving at con- 
clusions by “common-sense” guessing before going on to exact 
experiment. For example, ‘there I have a stick, which I balance at its 
middle point. I take four similar books (or bricks), tie them together, 
and hang them on the stick, one foot from the middle. Now I take 
another similar book and tie a piece of string round it. Where must I 
hang this one book in order that it may balance the four books?’ 
We get the answer straightaway—f ‘our feet, a sensible guess based on 
experience. We then test it by experiment, followed by other exam- 
ples, using weights on a metre rule perhaps. To take another example 
from more advanced work, simple harmonic motion (section C(3) of 
the syllabus, page 293). The method of approach suggested on pa ge293 
is, first, simply to list and look at a few examples of periodic motion. 
Common sense tells us that the acceleration depends on the displace- 


ment, and we note that the simplest relation is: 
tion о (— displacement) 


a helical spring and a simple 
test how far our formulae 


Scientific method and the t 
(namely, collection of data, 


accelera 


From this we deduce formulae for 
pendulum, and then perform experiments to 
agree with their actual behaviour. 
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The principles of mechanics and ordinary observation — The process 
is: observation, formulation of law or principle by common-sense 
methods, verification by experiment. This method is usually followed 
in the mechanics portions of syllabuses A’, ‘B’ and ©. However, 
there are some cases where common sense is insufficient, and a 
problem is posed which has to be solved by experiment—for example, 
in studying friction between dry solid surfaces. We have to find by 
experiment how the frictional force depends on the area of the sur- 
faces in contact (the fact that it is independent of the area is by no 
means obvious to common sense) and how the frictional force de- 
pends on the normal reaction between the surfaces. But, in general, 
the basic principles of mechanics can be gathered from ordinary 
observation. , 


the one hand, some teachers are tempted to omit ‘sound’ altogether, 
because only one or two questions may be involved in a final exam- 


‘light’. On the other hand, when a teacher decides to tackle the sub- 
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Sound might be allocated about 5 per cent. of the total time spent 
on Physics at the pre-university stage (the ‘C’ syllabus), as the follow- 


ing table indicates, 


76 

Mechanics and Properties of Matter 20 
Sound ` 5 
Heat 20 
Light 20 
Electricity and Magnetism 35 
Total 100 


nly as a very rough guide. Everything depends 


as pupils’ background, their previous know- 
irements for the final 


But this may be taken o 
on circumsiances such 
ledge of the various subjects, and the requ 


examination. 


Heat 


It is true to say that 
matical problems, is, 


matical in nature than the other Ph 
ically inclined pupils are more at home with it, and expect to make up 
-for their weakness by their answers to questions on ‘heat’. Moreover, 
parts of the latter, such as the gas laws, are studied in both Physics 
and chemistry. It is, therefore, as well for them to know the subject 
thoroughly, even at the expense of some shortcomings in, say, the 
more advanced aspects of ‘optics’. ‘Heat’, however, since it is more 
descriptive in nature, lends itself more readily to protracted, indis- 
crimate and time-wasting lecturing, and the teacher should guard 


against any such tendency. 


‘heat’, while giving plenty of scope for mathe- 
on the whole, more descriptive and less mathe- 
ysics subjects. The less mathemat- 


Optics: sign conventions 
If, as in syllabuses ‘A’ and ‘B’, the work on lenses and curved 
mirrors is confined, so far as calculations from formulae are con- 
cerned, to convex lenses only, then no sign convention is needed. In 
the equation 1 + 1 =} uand f are always positive, and v is positive, 
w y 
except when the image is virtual or upright or on the same side of the 
lens as the object—three conditions which, of course, always occur 
together. This rule about v is true on both the sign conventions which 
are at present in common use, SO the pupil will have nothing to 


58 AIMS, METHODS AND SYLLABUS 


‘unlearn’ when he enters upon more advanced work. These two con- 
ventions can be called ‘real-is-positiye’ (К.Р. for short), and ‘alge- 
braical’. Briefly, the В.Р. convention treats converging rays as leading 
to positive distances and diverging rays vo negative distances, e.g. 
distances measured to real objects, images and focal points are positive, 
distances measured to virtual objects, images and focal points are 
negative. In the algebraical or graph-paper convention, the lens or 
mirror is imagined to be at the origin of a pair of axes on graph- 
paper. Then, as when drawing graphs, we measure positive distances 
upwards and to the right, and negative distances downwards and to the 
left. This would lead to the focal length of, say, a convex lens, being 
positive or negative according to whether the light is assumed to 
travel from left to right or in the opposite direction; and in advanced 
work the convention may often be conveniently used in that way. 
For more elementary work the light is assumed to travel from left to 
right, making the focal length of a convex lens positive. 
The advantages of the two conventions may be summarized: 


Real-is-positive convention — Undoubtedly this is less confusing than 
the other convention for use in schools, i.e. up to the level of syllabus 


*C'. It gives the same equation, ia 3 => for both mirrors and 
u у 


lenses. It makes the focal length of a converging lens or mirror posi- 
tive, which seems sensible and agrees with the normal practice of 
opticians (who test eyes and make and supply spectacle lenses). 
Problems of the simplest type—concave mirrors or convex lenses 


forming real images—are easily dealt with because everything is 
positive. 


Algebraical convention — This adopts for optical purposes a con- 
vention with which the pupil is already thoroughly familiar, namely 
the one he uses when drawing graphs. It also agrees with the optician 
in calling a convex lens a positive lens. But a concave mirror, which 
behaves like a convex lens in converging light and forming real 
images, is given the opposite sign. In elementary work the pupil 
undoubtedly has greater difficulty in getting the signs correct: for 
example, the convention applied to a convex lens giving a real image 
requires и to be negative, while, for a concave mirror giving a real 
image, u, v and f are all negative! Moreover, the pupil has to learn 


1 
two formulae: — — l P" for lenses, and 1 + x at for mirrors; 


y ù f » su f 


formulae which are easily confused. 
However, when applied to work beyond the level of syllabus С, 
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the algebraical convention remains clear and unambiguous, while 
the R.P. convention runs into difficulties, as, for example, when 
applied to single spherical surfaces. This point is illustrated by the 
ween various staunch exponents of the К.Р. 
t the algebraical convention is the better 
ly then it is better to teach it right from 
g a convention which has subsequently 
P. convention is undoubtedly much the 
for the whole of the syllabus in this 
nt, can only be decided by each 
her will be very greatly influ- 
k which his students 


arguments that go on bet 
convention! It appears tha 
at the university level; sure 
the start, instead of teachin 
to be ‘unlearnt’? Yet the R. 
easier for use in schools, that is, 
book. This is a matter which, at prese 
individual teacher. Obviously the teac 
enced by the convention employed in the text-boo 


are using. 


Optics: experiments on interference Ж 

time-wasting, temper-fraying, hope-destroy- 
university pupil is called upon to per- 
-length by an interference method is 


by far the worst. Let us consider what so often happens. The pupil 
knows the theory of the experiment, and he has been told how to set 
up the apparatus. He is given materials for a sodium flame, an adjust- 
able slit, a biprism, and a travelling microscope, a quite expensive 
collection of apparatus. He is sent to work on a long side bench in 
à sweltering sweat-box of a darkroom, or alternatively, he darkens 
one end of the main laboratory, to the fury of the other inhabitants. 
He sets up the sodium flame at one end of the bench and puts the slit 
in front of it. He has been told to use a narrow slit, so he screws the 

then slackens it off slightly. 


adjusting screw as tightly as it will go, | 
The screw is probably worn and the slight slackening merely takes up 


the backlash, so the slit is still shut. He then puts the biprism half- 
way along the bench, and the travelling microscope at the other end 
—thus occupying a total bench space of, say, three metres. Not having 
arms three metres long, he has to have a confederate to make the 
adjustments according to the instructions he shouts while peering 
into the microscope. ‘Left, left—no, I meant to say right, right— 
stop!—no, now you've gone past it; why couldn’t you stop when I 
told you?’ Since our pupil has never previously seen interference 
fringes, he does not really know W 


hat he is looking for. There are so 
many independent adjustments to make, apart from mishaps like the 
closed slit. Also the sodium 


flame is exasperating, it burns brightly 
while the pupil stands by it, arranging the salt supply, but by the time 


Of all the frustrating, 
ing experiments that the pre- 
form, the determination of wave 


* This section refers to the pre-university level (syllabus ‘C’) only. 


TP =F 


60 AIMS, METHODS AND SYLLABUS 


he gets to the microscope at the other end of the bench, the brilliant 
yellow has faded to a pale blue. After three-quarters of an hour spent 
like this, the pupil applies for the teacher's assistance. The teacher 
spends another three-quarters of an hovr of ill-spared time, at the 
end of which the fringes are clearly visible, but it is now too late for 
the necessary measurements to be made, so the process has to be 
repeated (more successfully, it is to be hoped) next time. The measure- 
ments are made, but then there is more trouble; the distance between 
the two slit-images has to be measured. This is to be done by the 
text-book method of keeping slit, biprism and microscope in a fixed 
position, while two different real images (one magnified, one dimin- 
ished) of the slits are focused, by a convex lens, on to the focal plane 
of the microscope. The diminished pair is easily discovered, but the 
magnified pair is unobtainable because the lens would have to be on 
the wrong side of the biprism. Eventually, perhaps, all these diffi- 
culties are overcome—with the teacher's assistance—and finally the 
pupil works out a hopelessly inaccurate result for the wave-length of 
sodium light. 

That, then, is how not to do it. How can it be done satisfactorily? 
The method is much more easily conveyed by a demonstration than 
by the written word, but full details for one simple interference 
experiment are given. (If students also perform a Newton's rings and 
a diffraction-grating experiment, that should be quite sufficient.) The 
method detailed below is similar to the original method employed 
by Thomas Young in 1801, except that Young used a double point 
source, instead of a double slit. No expensive apparatus is required. 

The single and the double slits are made from two unexposed 
photographic plates, e.g. old ‘stale’ plates, any size between 3 х 2 inch 
and 5 x 4 inch may be used. They are unwrapped and exposed to 
light, then developed and fixed in the usual way, producing clear 
glass coated by opaque black gelatine. A pair of compasses with a 
sharp point is chosen, or a ‘loud-tone’ steel gramophone needle held 
in a cork. The point is drawn along a ruler across the gelatine emul- 
sion on one photographic plate to make a single ‘slit’. The other 
plate is similarly treated; then the ruler is moved very slightly to one 
side, and a second slit is made, parallel to the first. The distance be- 
tween the slits should be rather less than half a millimetre. This pro- 
cess needs a little practice, and several attempts may have to be made. 

In addition to the slits, we need a source of illumination and a 
viewing and measuring instrument that is less expensive than a travel- 
ling microscope, and preferably easier to use. The best source is a 
12- or 6-volt automobile headlamp bulb with the normal single-coil 
filament (i.e. not two coils in a V-form). A hole is cut in the lid of 
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a cylindrical cigarette tin (or a tin of rather smaller diameter if obtain- 
able), the hole being of the right size to take a bulb holder for the 
lamp—brass holders are much longer-lived than plastic. (The hole is 
scribed out with a wood-bit of the correct size.) A slit, about 2 cm. 
long and, say, just under half a centimetre wide (but the exact size 
does not matter), is cut in the curved side of the tin at the level of the 
filament. The tin can be supported the right way up, or upside down. 
The viewing arrangement is simply a short-focus convex lens (of 
about 1 inch, or between 2- and 4-cm., focal length). This lens is 
mounted on a short piece of wood; and, at the focal point of the 
lens, a small ball-bearing is also mounted. (A bicycle type, of diameter 
+ or уу inch, is suitable; such ball-bearings are guaranteed true to 
inch, a higher degree of accuracy than is possible in this ex- 


db 
1000 
t is set up as shown in Figure 3. The first 


periment.) The arrangemen 
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FIGURE 3.—An arrangement for viewing Young's fringes 
D = Convex lens, of short focus, with small 


A = Source of light. ‹ 

В = Single slit. ball-bearing at focal point. 

C = Double slit. E = Eye (the distance AE is about 60 cm.). 
step is to adjust the clamps, etc., holding the apparatus, so that the 
centre portions of the filament, the two slits and the lens are all at 
equal heights above the bench top. The single slit is placed close 
against the lamp, $0 that a beam from the bright part of the filament 
enters the eye when this is placed roughly in its final position. The 
double slit is placed about 20 cm. from the single slit, and is adjusted 
so that a bright beam is visible through it. The lens is placed about 
30 cm. from the double slit. The fringes are probably visible imme- 
diately, but we make further adjustments by: (i) twisting the double 
slit so as to give the sharpest possible fringes (when the double and 
single slits are exactly parallel); (ii) adjusting the double slit for 
maximum brightness of the fringes. Then a coloured glass or 
gelatine filter is put somewhere in the path of the beam to give mono- 
chromatic light—green, for example. The lens is moved backwards 
or forwards till the diameter of the ball-bearing covers an exact 
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whole number of fringes. The distance, D, from the double slit to 
the ball-bearing is measured with a ruler. We now have all we require 
except 2d, the distance between the two components of the double 
slit. The distance may be measured directly with a travelling micro- 
Scope, but, if this is not available, we simply form a much magnified 
image of the double slit on a white wall, using a convex lens and 
placing the light source immediately behind the double slit. The 


distance between the two line images on the wall is measured to the 
nearest millimetre. 


Example: (i) to find 2d— 


Distance J between images of slits 


= 13 ст, 
Distance и from lens to double slit — 10:5 cm. 
Distance v from lens to images = 325 cm. 


Hence, from 2 E Е, we have (since О — 2d): 


L3 $25 
——L—— d — 0:042 cm. 
d 195 972 0:042 cm 

(ii) to find 2 for green light — 

Diameter of ball-bearing = „5 inch (Zi inch = 0:396 em.). 

The position of lens and ball-bearing is adjusted so that the two 
extreme ends of a diameter of the ball each coincide with the middle 
of a fringe, and there are 8 green lines in between. 

i.e. 9 ‘green fringes’ occupy 0:396 cm. 
The distance D from lens to centre of ball is 33-8 cm. 


We have nå = A 
where л = 9, 2d = 0-042 cm., y = 0:396 cm., D = 33-8 cm. 
ïa 0:042 x 0:396 
: 9 х 33:8 
= 5:5 x 10-5 ст. 


The value of 2d should be written o 
slit, so that its value need not be dete 


cm. 


Other interference and diffraction experiments, 


for example, 
Lloyd's single mirror fringes, may be performed in a si 


milar manner, 
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Electricity : ‘unlearning’ is unnecessary 


On page 51, we note that care must be taken about the method of 
presenting the gas laws, otherwise the pupil may get the impression 
that the mercury thermometer is the standard by which gas thermo- 
meters are checked, whereas the exact opposite is true. The definition 
of the ampere and the calibration of ammeters and voltmeters are 
other matters needing equally careful thought, if we are to avoid 
Subsequent ‘unlearning’ of work taught in earlier stages. 

(i) The ampere — The correct C.G.S. electromagnetic definition of 
unit current is that referred to in the syllabus, section C(48): 
*that current which, flowing in one centimetre length of the arc 
of a circle of one centimetré radius, produces at the centre of the 
arc a magnetic field of one oersted’. One ampere is one tenth of 
this C.G.S. ‘abampere’. But this definition cannot be given at the 
elementary stages, when the pupil has done no magnetometry 
and has not heard of an oersted. The only definition possible 
is *one ampere is that current which, flowing for one second in a 
silver (or water or copper) voltameter, liberates a certain mass of 
silver (or hydrogen or copper)’. The *certain mass' is 0-001118 
gm. of silver, or 0-0000104 gm. of hydrogen, or 0:00033 gm. of 
copper, but the pupil need not remember these numbers. The 
important point is that this is a secondary definition, which, the 
pupil musi be told, is made to agree with a magnetic effect 
definition that will be given later in the course. 

(ii) Calibration of an ammeter; Faraday’s laws of electrolysis — In 
the earlier stages, ammeters have to be accepted as instruments 
calibrated in amperes by methods that cannot be given till later 
(i.e. by means of the instrument known as the ‘current balance’). 
An ammeter may therefore be used to show the truth of Fara- 
day’s laws of electrolysis—we have preserved the correct struc- 
ture of the subject, and nothing will have to be ‘unlearnt’. 
However, if, wrongly, we accept the electrolytic definition of 
the ampere given above as a primary definition, we naturally 
assume that (for example) 2 amperes for one second liberate 
2 x 0:001118 gm. of silver. Faraday’s first law, that the mass 
deposited is proportional to the current and the time, then be- 
comes a mere tautology, something that we took to be true 
when the ampere was defined. In that case we have to prove by 
experiment that magnetic field strengths are proportional to the 
currents producing them. In fact the structure of electrical 
science is such that: (а) we assume currents to be proportional 
to the field strengths they produce, and (р) we then show by 
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experiment that masses liberated in electrolysis are proportional 
to the currents. 

(ili) Calibration of a voltmeter; determination of ‘J’ — No trouble 
arises over the definition of the volt. “One volt is the potential 
difference between two points when one coulomb flowing from 
the higher to the lower potential produces one joule of energy.’ 
Now, the obvious way of measuring the energy is to produce it 
in the form of heat, by means of a coil in a calorimeter, for 
example. We measure the calories, and convert them to joules 
by multiplying by the mechanical equivalent, 4-18 joules per 
calorie. We also measure the coulombs (with an ammeter and a 


clock) and so we think we can calibrate a voltmeter by . joules 


coulombs’ 
But this is reasoning ‘in a circle’, since the number 4:18 has 


been determined by heating-effect experiments (Callendar and 
Barnes, etc.). To preserve the Correct structure of our subject 
when teaching it, we should use our coil-in-calorimeter'experi- 
ment, or constant-flow experiment, to determine J, not to cali- 
brate a voltmeter. For the time being, the pupil must accept the 
voltmeter as an instrument calibrated in volts. Later, probably 
not till the university level, he will discover how this is done, by 
a rather complicated process; we use: (a) the current balance to 
measure amperes, (5) the Lorenz method of measuring a resist- 
ance in ohms, (c) the potentiometer method for calibrating a - 
voltmeter by means of a known current passed through a known 
resistance. If we allow the pupil to believe that voltmeters are 
calibrated by heating-effect methods we have left him believing 
a lie which will cause much subsequent confusion. If he knows 
that voltmeters are calibrated by a method he will hear about 
later on, then, when he does get as far as the Lorenz deter- 
mination of the ohm, everything drops nicely into its allotted 


place. We have preserved the Structure and integrity of the 
subject. 


Electricity: the M.K.S. System of units * 


Much emphasis was laid, in the preceding section, on the import- 
ance of ‘maintaining the structure of the subject’. This means the 
present-day structure, which is not necessarily the same as the his- 
torical structure, the development of the subject in the past. It is true 
that, as was suggested on pages 35-8, a study of the history of 
Science may provide a good guide to the best teaching order, the 


* This section refers only to the pre-university (syllabus С?) level. 
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best way of linking one topic with the next. But science has often 
followed tortuous paths; and it may be that we can now find quicker, 
better and more logical methods of attaining the same goal. At the 
present time, the question arises as to whether this may not be done 
in pre-university teaching of electricity. 

Magnetism and static electricity were first developed quite inde- 
pendently of each other, and the fact that they are different aspects 
of phenomena that have similar causes was not recognized. The result 
was that two systems of electrical units were developed. One, the 
C.G.S. electromagnetic system, is based on the unit magnetic pole. 
It leads to the ‘bent wire’ definition of unit current. The permeability 
of empty space is taken to be a ratio of unity, with no units (see 


2 


syllabus, section C(45)). This in turn leads to the value yx jn 


of empty space (if we 


em.~? for the permittivity (dielectric constant) 
e velocity of electro- 


take the value 3 х 1019 cm. per second for th 
magnetic radiation). 

The other system is the С. 
unit electric charge. It defin 
charge per second. It takes t 


G.S. electrostatic system, based on the 
es unit current as a flow of one unit 
he permittivity of empty space to be 


А 1 i 
unity, and this leads to the value 9 x 10% sec.? cm.-? for the per- 


meability of empty space. 


Neither of these systems gives units of convenient size for every- 


day measurements of current, potential difference, resistance, etc., 
so yet a third set of units was invented, obtained from the C.G.S. 


electromagnetic system by means of multiplying factors: 1 ampere 
1 volt = 103 C.G.S. E.M. units 


= 4l C.G.S. E.M. unit of current, 1 : 
of potential difference, and so on. Except in a few instances, such as 


the oersted, and the maxwell, no names are available for the two 
sets of C.G.S. units, apart from a certain number of inelegant and 
ambiguous names such as *àbohm' and 'statcoulomb'. > я 
Consideration of the above somewhat ridiculous position, which is 
a result of the historical development of the subject, has led many 
people to propose that we should cut adrift from past history, and 
abandon the two C.G.S. systems. They suggest that, instead of three 
Systems, we should use only one system of electrical units, and that 
the system should include the ampere, volt, and other practical 
units, Now, the practical units of energy and power are the joule and 
the watt, the joule being defined as 107 ergs. But the joule is also 
the unit of energy on a system of units based upon the metre, the 
kilogram and the second (as the fundamental units)—the M.K.S. 


System. 
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The M.K.S. unit of acceleration is the metre per second per second 
(g = 9-81 m.sec.-?). The unit of force is the force which gives a mass 
of 1 kg. an acceleration of 1 m.sec~*, and this unit is called a newton. 
Since 1 kg. — 1000 gm., and 1 m.sec.-? — 100 Cm.sec.-?, we see that 
1 newton = 10* dynes. The M.K.S. unit- of work or energy is the 
work done by 1 newton in moving 1 metre, and this is obviously 
10° dynes х 100 cm. = 107 ergs, which is 1 joule. Hence the joule and 
the watt are the M.K.S. units of work and power. 


Provided we choose the ampere as our unit of current, then, since 


we already have the joule as the unit of energy, we shall get the volt, 


the ohm, the farad, and the other practical units as units on the 
M.K.S. system. 


How must we word a M.K.S. definition of unit current in order to 
make M.K.S. unit current the same ampere which we have previously 
known as 1/10 C.G.S. E.M. unit (abampere)? The modern definition of 


ampere, is 2 x 10-2 dynes, which 


x = 2 х 10, and we have the definition of unit current on the M.K.S. 
System which makes that unit current 
units follow. 


In addition, we derive, for some other electrical quantities, ‘prac- 
tical’ units that have not previously existed, such as magnetizing 
force (field strength) Н, flux density (magnetic induction) B, mag- 
netic flux ¢, permeability и, electric field intensity E, and so on. 
There is no need to invent any new names; thus magnetic flux is 


found to be measured (since V = — =, or ф = — [V.dt) in volt- 


seconds, B in volt-seconds per square metre (£) H in amperes per 


amp. per metre ° атр, metre’ 

The ease with which the user can check the units of his equations is 

obvious; there is none of the /3L-*M?T? business that bedevils the 
C.G.S. systems. 

As long ago as 1938 a Committee on Electric and Magnetic Units 

appointed by the American Association of Physics Teachers reported 

in favour of the use of the M.K.S. system in schools. * Great Britain 


* American Physics Teacher, Vol. VI, p. 144. 


chic P ,, Volt-sec. per sq. metre volt. sec. 
metre, and u, which is 2, jn “О sec. per sq or 
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has followed more slowly, but it is hoped that examining boards in 
that country will soon be offering alternative syllabuses based upon 
suggestions similar to those made in this and the two following 


sections. ә 
Electricity: rationalization * 


Let us consider the following familiar C.G.S. formulae: 
(1) The capacitance of a parallel plate capacitor (condenser), 


Md 
4nd ' ў ` г - mg 
where e = permittivity (dielectric constant) of the medium be- 


tween the plates. 
(2) The magnetizing force H inside a long solenoid having N turns 


occupying length L and carrying current J, 


a= 2S „ ow m « 2 


(3) The magnetizing force H at a distance r from a long straight wire 
carrying current /, 


21 
== o 03 2 ^ (8) 
(4) The electric potential V at distance r from a point charge Q, 
peg 2 О) 
er 


ane surfaces and uniform fields—its 


geometry is rectangular—yet the formula contains 47. Although the 
coil in example (2) is cylindrical, the field is uniform and there is no 
logical reason for the 4. Equation (3) is an example of cylindrical 
geometry and equation (4) of spherical, yet neither contains л. The 
Corresponding rationalized formulae are 

eA NI 1 y Q 


C pu p. 2л” e4ar 


Equation (1) refers to pl 


No z’s appear in ‘plane formulae’, Lin ‘cylindrical’, lim *spherical" 
2л 4л 
—obviously appropriate. Тһе z’s appear in the right places. As far 
back as 1893 Oliver Heaviside wrote: “If we were to define unit area 
to be the area of a circle of unit diameter, or unit volume to be the 
volume of a sphere of unit diameter, we could, on such a basis, con- 
struct a consistent system of units. But the area of a rectangle, or the 


* This section refers only to the pre-university (syllabus *C^) level. 
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volume of a parallelepiped, would involve the quantity x, and 
various derived formulae would possess the same peculiarity. No one 
would deny that such a system was an absurdly irrational one. . . . I 
maintain that the system of electrical units in present use is founded 
upon a similar irrationality, which pervades it from top to bottom." 
Again, ‘the natural suppression of 4л in the formulae for central 
force, where it has the right to be, drives it into the blood, there to 
multiply itself, and afterwards to break out all over the body of 
electromagnetic theory’. 

Rationalization is not specifically concerned with the M.K.S. 
system. We could rationalize the C.G.S. system: for example, by 
а to define unit pole strength, instead of 


using the equation F — 


mm, 


Е = ———; the 4л should be in the equation for radial force. But such 
ri 


tinkering would not be worth the trouble involved. The M.K.S. 
system is an innovation, and we may just as well take the opportunity 
of securing the advantage of rationalization at the same time. How 
can this be done?—Instead of defining magnetizing force (magnetic 
field strength) by the equation, H = 4znI, where n = turns per unit 
length of a solenoid, we use, more simply, 

Н = п. 


Unit magnetizing force is the magnetizing force inside a long uniform 


solenoid having a current density of one ampere per metre length. 
H is measured in amperes per metre. 


The ampere definition given in the last section leads to the result 
that the permeability of empty space, Ii, is 4л x 10-7 уре (If 


amp. metre 


an unrationalized М.К.$. system had been used, the value of p 


would have been 10-7 _Volt-sec. 5 
amp. metre 


Electricity: a development on different lines * 


The present century has seen a phenomenal growth of the electrical 
and electronic sciences, yet our methods of teaching these subjects 
in schools are almost identical with those devised in the last century. 
In particular, the concept of magnetic poles, and the permanent- 
magnet magnetometry based upon it, have little or no relationship 
with practical procedures outside the school laboratory. It has there- 
fore been suggested that teaching methods starting from the forces 


* This section refers only to the pre-university (syllabus *C") level. 
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between point poles and charges, including the whole of magneto- 
metry, should be abandoned, and that this work (items C(44) to C(51) 
of the syllabus in this book) should be deleted. The time saved can 
be used in carrying forward the study of things of practical import- 
ance—inductance and capacitance, alternating currents, oscillatory 
circuits, cathode-ray tubes. Uniform magnetic and electric fields, 
readily obtained in the school laboratory in solenoids or between 
flat condenser-plates, are substituted for the unobtainable radial 
field from thé non-existent point pole or charge. A satisfactory 
explanation of the new treatment proposed could only be given in a 
book the size of a small text-book, which, in fact, is what it would be. 
Thus it is outside the scope of the present volume; but the reader is 
referred to a recent (1954) report.* An alternative syllabus, based on 
the use of rationalized M.K.S. units, is given at the end of the pre- 
university syllabus in Part V of the present volume, pages 328-32. 


* Report of the Science Masters! Association of Great Britain, The Teaching 


of Electricity with the aid of M.K.S. Units. 


CHAPTER VII 
The Introduction of Modern Concepts into Courses 


Are modern concepts introduced? 
Professor Bernal writes:* 


A vicious circle has been established between the schoois and the univer- 
sities by which neither can alter the curriculum because of the objections 
of the other. Science is taught so that a fraction of those taught can go to 
the universities in order to learn to teach it in just such a way to future 
generations. It is true that science masters in schools have devoted an 
enormous amount of care and ingenuity to making the curriculum attrac- 
tive, but for every boy that it attracts there must be two or.three that it 
puts off science for ever. It is unfortunately true that those parts of science 
most suitable for examination subjects are the metrical parts of Physics 
and chemistry (the attractions between magnets, the combining weights 
of sodium bicarbonate and sulphuric acid), and these are at the same time 
the most troublesome to the lazy and unmathematical boy, and the most 
exasperating to those who are really keen on science and want to get on 
to those parts of the subject where something new and interesting is being 
found out. There is little, in fact, in school Physics and chemistry that was 
not known a hundred years ago, and much that was known three hundred 
years ago. Science masters are, of Course, aware of this state of affairs and 
have been trying in the face of apathy and obscurantism to set their house 
in order. A recent report prepared by the Science Masters’ Association 
on the teaching of general science goes far to meet many of the criticisms 
that have been made here. . . .+ 

This (i.e. the syllabus), though it makes a definite advance, lacks com- 
prehensiveness and modernity. There is a good biological section, but 
nothing on astronomy or geology. Of the ten sections into which each 
year in Physics is divided, the first two years contain only one fact each, 
and the third only two facts discovered in the 19th century. Only in the 
last year does the outlook become more modern, but even then nothing 
later than 1890 is introduced. X-rays, wireless and electrons are not so 
much as mentioned. The chemistry is worse; the whole course contains 
nothing not known in 1810. The whole of organic chemistry, without 
which biology is incomprehensible, is omitted, and modern ideas on the 


this approach has been made is maintained, it is still 
a living system of school science teaching. 


Do we conclude that modern concepts play no effective part in school 

physics teaching? If we consider a reasonably good school science syl- 

labus, we find that quite a number of modern concepts are included. 
* The Social Function of Science. 


T So far as the Physics is concerned, the syllabus proposed is very similar 
to syllabus ‘A’ in this book. 
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How may the concepts be introduced? 

Pupils will probably first come across the molecular theory after 
experimental investigation of the gas laws. They will learn about the 
kinetic theory of gases and its assumptions, and howit explains simple 
phenomena such as gas pressures, Boyle's and Charles's laws, and the 
absolute zero of temperature. Later the same theory is applied to a 
qualitative explanation of the solid and the liquid states, of change of 
state, and of latent heat. Perhaps the simplest experiment to show as 
directly as possible the truth of the kinetic ‘moving particle’ theory 
is the well-known demonstration of the Brownian movement, by 
watching the motions of fat particles in a smear of milk placed on a 
microscope cover slide. The same theory of moving molecules is 
applied later to the explanation of simple surface tension and capil- 
larity phenomena, and to diffusion and osmosis. 

In ‘light’ (syllabus ‘B’), the existence of infra-red and ultra-violet 
radiations must be mentioned; this gives the opportunity for a brief 
discussion of the wave-theory of light, and the complete radiation 
spectrum from radio-waves to y-waves and nuclear distintegration 
waves. But it is when the pupil starts to study electricity that there 
occurs a real opportunity to introduce modern concepts. A normal 
sequence is: magnetism—elementary phenomena of electricity— 
units—Ohm’s law—electrical measurements—heating effect. The next 
topic is electrolysis, and if this is to be covered adequately, some 
explanation by means of ionic theory is required. And how can pupils 
understand the ionic theory if they have no knowledge of atomic 
structure? This gives the opportunity of introducing twentieth cen- 
tury ideas naturally, at such a time and in such a way that they have 
some chance of being understood. For example: 


1. We deal with some elementary electrostatics, to give pupils the 
idea of electricity existing in a form other than as something flow- 


ing along a wire. 

2. Next, a question is r: 
did it get its positive 
electricity on to it, or 


aised—‘If a conductor is positively charged, 
charge by means of a flow of positive 
by means of a flow of negative electricity 
away from it, or by means of a double flow of both positive and 
negative in opposite directions at the same time? Is an electric 
current a flow of positive electricity from “гей” terminal to 
“black” terminal of an accumulator (we have all along talked as 


if it were) or a flow of negative charge from black to red, or is it 


both at the same time?’ | 
3. Then we may demonstrate a gas discharge at low pressure. All we 


need is an ordinary laboratory induction coil and an efficient 
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vacuum pump of the kind used for elementary experiments—a 
hand-operated type, or even a metal water pump, is adequate. A 
wide glass tube, 30 or 40 cm. long, is fitted with a rubber bung at 
each end, through which copper wires,have been pushed to act as 
electrodes. One rubber bung also carries a glass tube for con- 
nexion to the vacuum pump. The induction coil is joined to the 
electrodes and switched on. Nothing happens. The two ‘spark 
terminals’ on the induction coil are pushed closer together till 
sparks begin to jump between them. Then the tube is evacuated, 
and at a pressure of about 5 mm. of mercury the discharge starts 
to go through the tube in preference to the spark terminals: a glow 
discharge is formed. This simple experiment is fascinating to 
pupils and provides an experimental introduction, even if no other 
experiments on this subject can be demonstrated. We are thus led 
to discuss: Sir William Crooke's discovery of cathode rays, 
although the rays cannot be demonstrated unless a much higher 
vacuum (half a millimetre or less) can be produced; properties of 
cathode rays; and Crooke's decision that they are negatively 
charged particles. 

4. A brief mention can be made of the work of J. J. Thomson on the 

determination of e/m (the charge on an electron divided by its 
mass), and of R. A. Millikan on the determination of electronic 
charge. From our discussion on the existence of an elementary 
charge of negative electricity, combined with a mass about zoo 
that of a hydrogen atom, we proceed to the elementary facts about 
the electron. 

. Next, we can refer to Becquerel and the blackening of photo- 
graphic plates by pitchblende. Here we may take a photograph of 
а gas-mantle (thorium oxide), if available, by placing the mantle 
in contact with an unexposed plate or film in a darkroom, wrap- 
ping it and leaving it in complete darkness for about three days, 
then developing and fixing in the usual way. Thus we come to the 
Curies and the separation of radium, to ж, f and y rays, and the 
radioactive transformation from uranium to radium and 
and from radium to lead and helium. 


ол 


helium, 


This leads naturally to: 


6. The work of Rutherford, and a qualitative description of his 
experiments in 1911 on large-angle scattering of «-particles by 
thin metallic foils. His deductions that most of the atom is empty 
space—because most of the particles go through without much 
deviation—but that all the positive charge and nearly all the mass 
of the atom is concentrated in a central nucleus—because of the 


THE INTRODUCTION OF MODERN CONCEPTS INTO COURSES 73 


occasional large-angle deviations—are easily followed in an 
elementary explanation. So we can build up a ‘solar system’ theory 
of the atom, consisting of a nucleus and planetary electrons. 

7. Chemical properties give us evidence about the arrangement of 
the electrons, and particular cases can be considered, e.g. the 
valency electron of the sodium atom with its nucleus of eleven 
positive charges and completed shells of two and eight electrons; 
element number 17, chlorine, with its third shell lacking one 
electron; and the stable compound sodium chloride, and how 
common sait actually exists in the form of crystals.—The student 
now realizes that salt does not consist of molecules or even atoms, 
but is a structure built of ‘ions’, Nat and Cl-. 

8. So, naturally, the pupil will expect salt, when dissolved in water 
(and other electrolytes in solution), to exist as ions, which are 
chemicelly inert substances, like neon or argon, and which will 
not react with water. The difficulties of supposing that, when salt 
is dissolved in water, sodium is existing in contact with the water, 
either never arise, or, when mentioned by the teacher, are easily 
disposed of by the pupil. The ionic theory can be applied to the 
explanation of simple cases of electrolysis, and of the action ofa 


simple voltaic cell. 


Strictly speaking, this is as far as we need to go, but now that we 
have embarked on the introduction of new concepts, it is a pity to 


Stop here. 


9. So we may go on to the existence of isotopes, in particular of lead, 
chlorine, uranium and hydrogen; and 
10. Chadwick's discovery of the neutron: atonr 


protons, neutrons and electrons. 
11. Naturally this work cannot be left without some reference to 


atomic energy and the effect of slow neutrons in producing 
fission in 10,35, the possibility of a ‘chain reaction’, how an atomic 
bomb is set off by putting together two pieces of Озь, the separa- 
tion of the Us5; and Съз isotopes by diffusion, and the production 
of plutonium and other transuranic elements in an atomic pile. 
12. Lastly, the uses of atomic energy, peaceful and otherwise, may be 


discussed. 


-building by means of 


At some stage, of course, we ought to return to the original ques- 
tion ‘What is an electric current?’ and decide that, in a metallic con- 
ductor, it is flow of electrons from the negative to the positive pole 
of a battery or generator, but that in an electrolyte we have a two- 


way flow of positive and negative particles. 
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None of this work is ever likely to be tested at junior level, and it 
may seem that we shall be making the class spend a great deal of 
time and energy on work of little examination value. There is truth in 
this, and, unless there is plenty of time to spare, the work may be con- 
fined to the more able classes or pupils. Above all the teacher must 
consider the age and attainments of his pupils; this is not a chance to 
produce lectures based on the atomic physics notes he acquired in his 
university days. If he cannot explain fundamental experiments and 
discoveries in elementary, non-mathematical terms, he had far, far, 
better omit modern work from his teaching. Moreover, no tests 
should be set, and if a pupil shows that he is uninterested, he should 
not be forced in any way. 

With the pre-university pupils, of course, more time is available and 
pupils are better prepared. The sequence suggested above may be 
repeated in greater detail. The work on cathode rays naturally leads 
to the cathode ray oscillograph, and X-rays and their uses, including 
a mention of crystal analysis, come into the syllabus. Thermionic 
valves, and their uses as oscillators, detectors and amplifiers must be 
discussed and dealt with practically. 

So much, then, for the way in which electronic theory and atomic 
structure come naturally into a school Physics course. This still leaves 
two other ‘modern concepts’, relativity, and quantum theory. 


1. Relativity — This does not seem to enter naturally into any school 
Physics syllabus. It may be mentioned briefly with reference to 
gravitation: the effect of the Sun on light rays from stars, and the 
anomalous behaviour of the planet Mercury. In any case, few 
teachers know much about relativity. Perhaps it is better to leave 
pupils to read the popular literature on the subject if they feel 
inclined. F. W. Westaway * devotes a whole chapter to excellent 
suggestions about the teaching of relativity in schools, and with 
this as the basis, and the books suggested in that chapter as refer- 
ences, a teacher of Physics may devise a course of lessons suitable 
for pre-university pupils. But the work has to be attempted as a 
topic quite separate from any item that enters into the usual 
examination syllabus. 

2. Quantum theory — The theory may well receive some mention in a 
school Physics course. For example, it may be discussed in con- 
nexion with these three topics: (a) values of specific heats at low 
temperatures; (5) Wien's law curves of variation of energy with 
temperature for a black body radiator; (c) the working of a photo- 
electric cell, in ‘light’ or ‘electricity’. But the natural place for 


* In his well-known book Science Teaching. 
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introducing quantum theory is at the conclusion of a discussion of 
the nature of light. Having dealt with geometrical optics, and the 
determination of the velocity of light, the teacher shows how well 
the corpuscular theorysexplains most of these phenomena. The 
nature of the wave theory is explained, but at this stage it seems to 
be a poor second best to the corpuscular theory. Then comes the 
Foucault determination of the velocity of light in water, and its 
decisive pronouncement in favour of the wave theory; then the 
phenomena of interference, diffraction and polarization, leaving 
the wave theory completely triumphant. Later, pupils’ complacency 
may once more be shaken, if they are introduced to the photo- 
electric effect, the Einstein equation 
4 mo? = hy — №, 


and its use to calculate Planck’s constant, h; and finally the Comp- 
ton effeci. So we arrive at the conception that, for electromagnetic 
radiations or for moving electrons, both the wave-aspect and the 
particle-aspect are equally valid, and that it is a matter of con- 
venience which we elect to use in any particular case we are 


investigating. 


Summary 

The method of presenting modern concepts outlined above intro- 
duces new theories and ideas at the time when, and in the places 
where, they naturally occur. They do'not descend on the student ‘out 
of the blue’, they come in almost of their own accord when the pupil 
is ready to understand and accept them. Moreover they are not pre- 
sented as so much dogma; the facts, often puzzling facts, are given 
first, and the pupils see how the new concepts of electrons, of atomic 
structure, of quantum theory (if they get that far), link and ‘explain’ 
the facts. Pupils are led along the path of investigation and discovery 
rather than along that of authoritarian statement. The method of 
presentation is experimental and inductive rather than axiomatic and 
deductive, even though few experiments can be done in the school 
laboratory, and, for the most part, the pupil has to read, or be given, 
descriptions of other people’s experiments. The alternative, if pushed 
to its logical conclusion, is dictatorial statement which pupils have to 
accept without any good reason: for example, by starting ‘heat’ by 
talking about molecules in motion, ‘light’ by means of a theory of 
electromagnetic waves, ‘magnetism’ by molecular magnets, or 
‘electricity’ with electrons. This is not education, but merely instruc- 
tion; and it is not likely to be very successful instruction. 


T PG 


CHAPTER Vin 


Science as a Non-Specialist Subject 


The aims of the course 


Some background of elementary scientific facts, some appreciation of 
the contribution of science to civilization, some uederstanding of 
scientific method, and of the kind of questions that the scientist may 
be expected to answer, and of the kind of answer he may be expected 
to give: some knowledge of these hings is necessary not only to 
those in positions of great responsibility, but also to all intelligent 
people. Such knowledge is necessary in order to enable the majority, 
who will not be actively engaged in scientific pursuits, to co-operate 
intelligently with those who are, and to produce a ‘climate of opinion 
favourable to the work of the scientist. Leaders who are not themselves 
scientists, the informed and intelligent people holding responsible 
positions, often come from the ‘arts’ faculties of the universities. In 
their schools, some of them may have taken one or two science sub- 
jects (perhaps to the level of the ‘A’ or “В? Syllabuses in Part V of this 
book) and have a certain background of elementary knowledge, 
although this is by no means generally the case. But, at the pre- 
university level, science is usually dropped altogether—the founda- 
tions are there, but nothing is built upon them. 

Some suggestions for a suitable non-specialist course are given in 
this chapter. It is probable, however, that science specialists would 
also profit from such a course, and the ideal pre-university class 
would, perhaps, consist of equal numbers of science and ‘arts’ pupils. 
The approach suggested is historical and philosophical, and science 
pupils would benefit from the background knowledge of the ‘arts’ 


pupils, as well as benefiting the latter by their own scientific 
background. 


The content of the course 


The time-allowance expected is not less than two periods a week for 
two years. An elementary knowledge of at least two branches of 
science (or a deeper knowledge of one) is presupposed for all mem- 
bers of the class—so far as Physics is concerned, the minimum is 
represented by a standard similar to that of syllabus ‘A’, pages 
227-66. 


The material suggested is divided into three parts (discussed in the 
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following sections of this chapter), and two terms may be spent on 
each. The headings are: 
1. The history of science, including: 
(а) Greek philosophy: a rational universe. 
(b) The Renaissance: the revival of knowledge, and of respect for 
original thought and opinion. 
(c) The rise of science in the sixteenth and seventeenth centuries. 
(d) Modern science: three hundred years of scientific progress. 
2. Scientific method: how does science progress? The importance of 


the study of ‘case-histories’. 
3. The social and technical results of science; scientific possibilities in 


the world of today, and in the future. 


Bibliography — А few particularly suitable books are mentioned at the 
end of this chapter. Others are listed in Appendix B, page 336. 


Practical work — The teacher should introduce as much demonstra- 
tion of experiments as possible. For example, the ‘case-histories’ sug- 
gested under the second heading should be illustrated by means of 
apparatus similar to that used by the pioneers. Some experiments, 
such as Boyle's J-tube method of demonstrating the ‘spring’ of air, 
are standard procedures in schools. A time-allowance of two periods 
a week does not admit of individual practical work on the part of 
pupils, and, in any case, science pupils have plenty of practical 
periods as part of their specialist work. A practical course for ‘arts’ 
pupils is an interesting idea: no systematic syllabus is required, and 
experiments are chosen for the sake of the techniques and procedures 
they illustrate. Simple experiments of the ‘research-type’ (page 94) 
are probably most suitable: for example, covering a small rubber ball 
with paint and dropping it from various heights on to an ordinary 
dinner plate, and so finding how the diameter of the ‘splodge’ varies 
with the height of the fall. 

visits — The usefulness of radio broad- 
casting, if available, is mentioned on page 204. Films, film-strips and 
all the aids discussed in Chapters XVII and XVIII, are particularly 
applicable to а course of this kind. However, the teacher's most 
potent aid for the third part (social and technical needs and progress), 
is the ‘outside visit to fields, farms, warehouses, factories, railway 
and shipping centres, existing or projected water and electric supply 
schemes, sewage and rubbish disposal, hospitals, even other types of 
schools in the district. In the neighbourhood of any school with a 
sufficient number of older pupils for such a course as this to be 
contemplated, there are numerous activities worthy of a visit. Pupils 


Visual and aural aids, outside 
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should see not only the good things and the progress that has been 
made, but also the bad conditions that need improving. 


1.—The history of science 


ә 

First, the course should be linked with the existing knowledge and 
interests of the ‘arts’ pupils, hence a development broadly based on 
history, philosophy and humanistic studies is not out of place. Second, 
we should not attempt a systematic study of all scientific history 
through the centuries. We ought not to start *with Palaeolithic man 
and work conscientiously through Babylon, Athens, Alexandria, Cor- 
dova and Pisa to Massachusetts", If we do, we shall become so bogged 
down in detail that not in two years, let alone in two terms, shall we 
reach that link-up with modern times and the modern world which 
is our ultimate objective. However, we do need to have available a 
date-chart of principal scientific discoveries (Appendix A, page 333), 
and a comprehensive text-book on the history of science for use as a 
Work of reference. Some notes on the four stages suggested under the 
first heading are given below: 
(a) Greek philosophy — Mathematics, especially geometry, flourished 

in ancient Greece, b 


philosophy was in no way scientific? although it was a necessary 


among some peoples today, 
and man is thought of as a 
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ns in mind, we may start our discus- 


sions with an elementary study of Greek thought as shown by the 
philosophers Socrates and Plato; thus we make our first point, 


which is the importance of logical thinking and belief in a rational 


universe. The second point—the (scientifically) blind-alley into 
eat a concentration on the 


which the Greeks were led by too gr 
*nature' of a body and the ultimate ‘ends’ for which it existed (its 


destiny)—this second point can be made by a study of the ‘Physics’ 
of Aristotle. The idea of destiny is in fact implicit in the meaning 
of the word ‘Physics’—the Greek phusis which is translated as 
‘nature’, Nowadays we interpret ‘Physics’ to mean the study of 
natural phenomena and objects; Physics is one of the ‘natural 
sciences’. But the Greeks would not have thought in that way. To 
them, phusis had to do with growth; thus it is the ‘nature’ of the 
seed of a tree to grow into a tree; the seed thus attains fulfilment, 
$ and what was a potentiality becomes a reality. ‘Nature’ was thus 
a cause which operates for the sake of reaching some aim or end, 
and though this conception ‘explained’ the growth of plants and 

Je to the progress of science. 


animals, it proved to be an obstac ‹ 
Almost everything that Aristotle wrote on physics proved to be a 


stumbling block to future generations. For example: a vacuum is 
unnatural (‘nature abhors a vacuum’); there are four elements, 
earth, air, fire and water; the natural motion of fire is upward, and 
of earth is downward; terrestrial bodies move 1n straight lines so 


that (for example) а projectile will move horizontally for a time, 
circular motion is natural for 


then suddenly drop vertically; circ 
heavenly bodies. These ideas of Aristotle were not overthrown 


j until two thousand years after his death. P 
| | Socrates, Plato and Aristotle all lived within the 150 years from 


470 в.с. to 320 В.С. The ideas of another Greek philosopher, 
Democritus (about 420 В.С.), should be explained in any discus- 
sion of the history of the atomic theory, but such discussion could 
be postponed till later in the course, item (d). 

(b) The Renaissance — Some mention must be made of the progress of 
science—or, rather, the Jong hiatus in scientific progress—between 
the fourth century B.C- and the fifteenth century A.D. The fifteenth 

К, century is the time of the Renaissance, or the ‘rebirth of learning’, 
a period which produced great men such as Leonardo da Vinci 
and Michelangelo. Scholars became aware that differing opinions 
had been held by reputable authorities on almost every subject; 
knowledge of Greek learning was revived; an. atmosphere was 
created in which individual genius could flourish, and the seed 
was sown which developed, in the following centuries, into 


Bearing these consideratio 
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the science of today. Dr. J. B. Conant * expresses this very 
well: 


Who were the precursors of those early investigators who in the six- 
teenth and seventeenth centuries set the standards for exact and impartial 
scientific inquiries? Who were the spiritual ancestors of Copernicus, 
Galileo, and Vesalius? Not the casual experimenter or the artful contriver 
of new mechanical devices who gradually increased our empirical know- 
ledge of physics and chemistry during the Middle Ages. These men passed 
on to subsequent generations many facts and valuable methods of attain- 
ing practical ends but not the spirit of scientific inquiry. For the burst of 
new ardor in disciplined intellectual inquiry we must turp to a few minds 
steeped in the Socratic tradition, and to those early scholars who first 


, unless they had profound influence 


escent which migrated, so to Speak, 
cultivation. 


tific revolution’, but, in his methods of 

Aristotle more closely than Sir Isaac Ne 
He oe a 

8 himself one of those individual mak f - i i 
totle and Ptolemy, who astonish us е power wii, ins, like ae 


*On Understanding Science, pp. 8-9, E 
| ко great work De Revolutionibus Orbium Celestium, 


essor Н. Butterfield, The Origins of Modern Science, р. 30. 
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(ii) Kepler (1571—1630) discovered the three laws of planetary 


motion. 
He had at his disposal the measurements and observations of 


the astronomer Tycho Brahe, and he combined extreme boldness 
in framing hypotheses ‘with tireless patience in testing them by 


means of the observations. 
(iii) Galileo (1564-1642) realized the importance of acceleration 


in dynamics, discovered the constant acceleration of falling bodies 
studied projectiles an ; 
adopted the 'sun-centre 


d applied to them the concept of inertia 
d’ system of the universe, discovered the 
isochronous property of the pendulum, made and used a telescope 
with which he saw the moons of Jupiter. His apparently ‘here- 
tical' and *revolutionary' ideas caused him to be persecuted by 
the Inquisition. 

(iv) Newton (1642-1727) achieved the final triumph for which 

Copernicus, Kepler and Galileo had prepared the way. 

(d) Three hundred years of scientific progress — It is probably in- 
tudy of scientific history 


advisable to embark on a systematic $ 
century by century. It is better to deal with one or two topics 


only, and to carry the study of each from its beginnings up to the 
present time. Suitable physical topics include: 
The development of modern ideas of heat, sound and light. 
The history of electricity and its applications, with special refer- 
ence to the life and work of Michael Faraday. 
The principles of conservation and degradation of energy; the 
ultimate ‘heat-death’ of the universe; alternative theories 
such as the ‘continuous creation of matter’. 


Modern astronomical knowledge of the universe. 
Atomic and electronic theory, including some mention of 


relativity and the quantum theory.* 
Unless the course is confined solely to Physics, there will not be 
time to study more than one, or at most two, of the above 
topics. In chemistry, suitable topics include: the discovery 
ents; classification of the elements 


and weighing of the elem 
—the work of Mendelejeff, Moseley and Bohr; organic 
chemistry. In biology, there is the history of the theory of 


evolution. Some topics, omitted here but listed on page 85, 
may also be treated from a historical point of view. 


2.— Scientific method 


This part of the pro 
* Detailed suggestions concerning this topic are given in Chapter VII. 


posed course is designed to give pupils some 
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the science of today. Dr. J. В. Conant * expresses this very 
well: 


Who were the precursors of those early investigators who in the six- 
teenth and seventeenth centuries set the standards for exact and impartial 
itual ancestors of Copernicus, 
Galileo, and Vesalius? Not the casual experimenter or the artful contriver 


ncreased our empirical know- 
ledge of physics and chemistry during the Middle Ages. These 


ike a pebble tossed into the sea. 

Petrarch, Boccaccio, Machiavelli, and E 
alchemists, must be considered the precurs 
investigator. Likewise, Rabelais and Montai 


9 A 1 gne who carried forward the 
critical philosophic Spirit must be counted, it 


^, but, in his methods of thought 
Aristotle more closely than Sir 


—that we should regard thei 


nican thinking, we can hardly help recognizing the fact that the genuine 
Scientific revolution was still to соте. ў 
* Оп Understanding Science, рр. 8-9, 


n his great work De Revolutionibus Orbium Celestium. 
1 Professor Н. Butterfield, The Origins of Modern Science, p. 30, 
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Gi) Kepler (1571-1630) discovered Tuo TG Lays of planetary 
motion. 
ao had at his T den the measurements and observations of 

e astronomer Tycho Brahe, and he combin 
in framing hypotheses with tireless бета decidi bee 
means of the observations. y 

(iii) Galileo (1564-1642) realized the importance of acceleration 
in dynamics, discovered the constant acceleration of falling bodies 
studied projectiles and applied to them the concept of inertia, 
adopted the *sun-centred' system of the universe, discovered the 
isochronous property of the pendulum, made and used a telescope 
with which he saw the moons of Jupiter. His apparently *here- 
tical’ апа *revolutionary' ideas caused him to be persecuted by 
the Inquisition. 

(iv) Newton (1642-1727) achieved the final triumph for which 

Copernicus, Kepler and Galileo had prepared the way. 

(d) Three hundred years of scientific progress — It is probably in- 
advisable to embark on a systematic study of scientific history 
century by century. It is better to deal with one or two topics 
only, and to carry the study of each from its beginnings up to the 
present time. Suitable physical topics include: 

The development of modern ideas of heat, sound and light. 

The history of electricity and its applications, with special refer- 
ence to the life and work of Michael Faraday. 

The principles of conservation and degradation of energy; the 
ultimate ‘heat-death’ of the universe; alternative theories 
such as the ‘continuous creation of matter’. 

Modern astronomical knowledge of the universe. 

Atomic and electronic theory, including some mention of 
relativity and the quantum theory.* 

Unless the course is confined solely to Physics, there will not be 
time to study more than one, or at most two, of the above 
topics. In chemistry, suitable topics include: the discovery 
and weighing of the elements; classification of the elements 
—the work of Mendelejeff, Moseley and Bohr; organic 
chemistry. In biology, there is the history of the theory of 
evolution. Some topics, omitted here but listed on page 85, 
may also be treated from a historical point of view. 


2.—Scientific method 
This part of the proposed course is designed to give pupils some 
* Detailed suggestions concerning this topic are given in Chapter ҮП. 
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insight into 'scientific method', that is, the way in which science has 
progressed in the past, and the way in which it may be expected that 
scientists will continue to work in the future. Although some of its 
constituents can probably be defined, "Scientific method’ as a whole 
cannot be described briefly and precisely (see Chapter I), because it 
has those various constituents. We can undoubtedly distinguish, name 
and define the dissected and dried bones of scientific method, but 
there is as much difference between these dried bones and the actual 
living progression of science, as there is between a human skeleton 
and a living and breathing human being. However, a start might be 
made by encouraging pupils to remember how Science has been pre- 
sented to them in the past, in lesson and in text-book; inductive and 
deductive methods (page 20) may be defined; emphasis is laid upon 
observing without prejudice, upon experimenting without ‘cooking’ 
results to fit some desired conclusion, upon the importance of decid- 
ing first what the problem is—asking the right question is often half 
the battle—and of deciding what are the relevant vari 
there is the framing of experime 
are kept constant, e.g. keeping the quantity (m 


temperature. Other cases, especially in biological 
simple, and since a whole colléction of factors m 
we have to devise a series of tests, together with ‘control’ experi- 

» apply statistical methods, Laws are framed, 
teaching theories enunciated and 


pupils 
; It has been said that science is normally presented by means of a 
simplified scheme, made by ‘those who are wise after the event’. This 


is necessarily so; teachers wish pupils to have as 


special case of a subject in which, obviously, 
Yet that limitation 
universe around us 


ic method’ in Chapter I, Pages 9-10, 


a аб —— ЦО 
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that students following a general education course in science (a course 
similar to that being discussed in this chapter) should study ‘case- 
histories’—that is, intensive studies of very limited areas of science. 
The ‘cases’ chosen should normally be concerned with early aspects 
of science— Physics in the seventeenth and eighteenth centuries for 
example—for three reasons: first, relatively little factual knowledge 
of science is required, and almost no mathematics; second, in the 
ay knowledge, the necessary fumblings of 
learly visible; third, since the relevant 
experiments are simple, they may, in many cases, be demonstrated 
with elementary apparatus. Examples (which are worked out in 
detail in Dr. Conant's books, mentioned on page 86) are: 
‘Touching the Spring of Air'— -the development of the concept of 


atmospheric pressure. 
Combustion—the phlogiston 
Electricity—Galvani, Volta an 

battery. 
Living org 

*spontaneous generat 
More details of the met 


perspective of present-d 
even intellectual giants are c 


theory and the discovery of oxygen. 
d the discovery of the electric 


anisms—(i) Pasteur's study of fermentation, (ii) The 
ion' controversy. 

hod of handling a case-history—its setting 
in scientific and social history, the human aspects, the modern 
relevance of the ideas involved—are given by L. K. Nash.* He offers 
much wise advice, one sentence being especially deserving of quota- 
tion here: ‘I think that we are the victims of self-deception if we 
expect the student to appreciate the content and significance of, say, 
Newton’s Principia.’ Most scientific masterpieces are difficult reading 
even for the trained scientist; for students, careful editing and 
annotating is necessary. Such edited accounts are available in the 


books mentioned at the end of this chapter. | | 
histories have been studied, various 


When two, or three, case- é irious 
details about scientific method—the ‘Tactics and Strategy of Science 
interesting point that emerges 15 that 


—may be extracted. One very 1 ; poin 
an old concept or theory may be retained in spite of facts to the con- 


trary, e.g. the phlogiston theory, or the corpuscular theory of light. 
Also, a new concept may be advocated by its proponents in spite of 
apparent facts to the contrary, e.g. the failure of Lavoisier's oxygen 
theory of combustion to explain certain alleged facts brought forward 
by Priestley,{ or the initial failure of the proponents of the wave 


theory to explain rectilinear propagation. In school Physics, a 
‘crucial’ experiment, like the Foucault determination of the velocity 


Science (pages 97-118). 
IV, pages 98-109, of On Understanding 


oxygen and carbon monoxide. 


Education in 
ith in Chapter 
fused the gases 


* A chapter in General 
+ This aspect is dealt wi 
Science. iHe con 
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of light in water, is said to overthrow one theory and establish 
another; in real life the ‘overthrow’ was by no means so obvious. 


3.— The social and technical results of science: future possibilities 


Lectures and discussions on these topics should naturally centre upon 
conditions in the pupils’ own country, but some consideration should 
also be given to wider, international, issues.* In some countries suit- 
able radio talks and discussions may be available, either as ‘live’ 
broadcasts, or as broadcasts of recordings previously made. The 
experts giving these talks speak with greater authority than is pos- 
sible for the teacher in the school; moreover a feeling of greater reality 
is brought into class-roomand laboratory, especially when—asis often 
the case in broadcasts intended for schools’ listening—part of the 
material is presented in dramatized form. 

Some possible subjects of study are: 

The history of the steam engine. The social effects of the Industrial 
Revolution in a particular country. 

The internal combustion engine; automobiles; roads and railways; 
bicycles; the effect of improved transport on local and national 
development. 

Ships, aeroplanes and international communications. (How an 
aeroplane flies; jet propulsion.)—Special reference to local and 
national conditions. Submarine cables; the telephone ; wireless 
and radio; television: their sociological effects.—Effects in the 
country concerned. 

Synthetic materials and their economic effects: textiles, plastics, 
dye-stuffs, etc.—Any local effects or developments. 

Sources of power: coal, oil, hydro-electric power with special refer- 
ence to national resources. Future possibilities of atomic power. 


Local problems of agriculture. Soil erosion. Problems of arid or 
other infertile zones. 


Food-stuffs, diet, importance of vitamin 
birth-rate, and of national and intern: 

Micro-organisms and human affairs: 
moulds, souring of milk, beer, etc., food preservation, dangers 
from flies, fleas, mosquitoes and other insects, Bacteria and 


disease, sepsis and putrefaction, antiseptics and aseptics, vac- 
cination, inoculation and immunization. 


5, etc. Problems of rising 
ational food supply. 
living particles in dust; 


for the use of both teachers and students. 
Great Britain is the earliest and perhaps most obvious example. 
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Human ecology: the value of fresh air, pure food and clean water; 
hygiene, disposal of sewage and refuse. Living together, evils б 

overcrowding, proper living conditions. Occupational diseases. 
Obviously only a very few oSthese, or similar, topics can be discussed. 
Selection depends on the knowledge of the teacher and the social 
relevance of the topics chosen to the conditions in which pupils live. 
Moreover, the selected topics should be adapted to the greatest pos- 
sible extent to these local conditions. 


Essays and discussions prepared by pupils 
It is by no means intended that the teacher should do all the work. 
Very often lectures and discussions can be initiated by pupils, al- 
though suggestions about lay-out and possible sources of information 
will have to be provided by the teacher. Various parts of the course 
suggested in the preceding pages can be undertaken by pupils guided 


by the teacher in this way. Some suggestions for additional subjects, 
which may be prepared by pupils in essays, or for discussions, are 


listed below: * 
1. Which authorities and what kinds of authority do you accept and 
cisions about your everyday life? 


teach evclution in certain States of 


America. Discuss the merits and demerits of this position. 
3. Have the peoples in highly developed countries less freedom than 
those in more primitive areas? Does science tend to restrict 


personal liberty? 
4. Does mass production bring about uniformity of tastes and 
activities to a degree which threatens individuality? 
5. Is the scientific way of thinking inherited or acquired? Is there 
evidence that any race is superior to others in this respect? 
. Has science tended to make enjoyment of leisure too passive? 
. What problems, unknown one hundred years ago, confront our 


nation today? ka 
8. Trace the effects of the applications of electricity on modern life. 


9. What possible sources of energy will be available when the world's 


coal and petroleum are exhausted?— Discuss. 
10. During what age in the history of your country would you prefer 


to have lived?—Give your reasons. 
11. What measures are taken by the national government to conserve 
the natural resources of the country?—Explain, and try to make 
comparisons with other countries. 
12. Compare the average standard of living in your country today 
* Taken, with modifications, from Science in General Education, a Report of 
the Progressive Education Assocation of America. 


reject when making de 
2. It is against the law to 


MCN 
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with that of the year 1900. Deal in particular with food, clothes, 
home comforts and amenities, facilities for leisure and transport, 
tempo and complexity of living. 


& 
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d third parts, and a short list is 
page 336. Two books are especially 


PART П—ТНЕ LABORATORY AND ITS 
ORGANIZATION 


Most of the published plans for laboratories have been designed for tem- 
perate climates. The same is true of the construction and arrangement 
of furniture and fittings for science rooms. It follows that, in the tropics, 
considerable adaptation is often necessary. Similarly, the making and 
maintenance of apparatus frequently present. new problems under 
tropical conditions. Moreover, improvisation is often necessary owing 
to the difficulty or delays in getting supplies. 

art II contain suggestions for the provision and 


The four chapters of P. 
organization of facilities for science teaching in tropical areas. 


CHAPTER IX 
Practical Work in the Laboratory 


Individual practical work 
The details of the experiment should be simplified, so far as possible, 
in order to bring out the main point. This is especially true of junior 
work: for example, pupils often waste much time, during the deter- 
mination of specific heats, by weighing apparatus on beam balances. 
Spring balances and measuring cylinders are sufficiently accurate for 
most elementary experiments in calorimetry and are very much 


quicker to use: pupils can do two experiments in the time taken to 
weigh to two places of decimals on a beam balance. Again, pupils can 
easily obtain a result for the calorific value of paraffin wax by heating 
a cigarette-tin of water with a candle. This simple experiment demon- 
strates the principle, and, in schoolwork, is better than the use of an 


expensive bomb or bell calorimeter. * 

* The tin is placed on a tripod (without gauze), or suppo: whi 
allows dn e ro be ael underneath. The candle is lit, stuck on the tin lid, 
and supported so that the tip of the flame 15 just under the base of the tin. The 
candle is blown out, and it, and the tin lid, are weighed on a spring balance 
capable of weighing to 0:1 gm. (If this is not available, an ordinary beam balance 
must be used and weighing may then be done to two places of decimals.) 200 c.c. 
of water are measured into the tin. Tin and candle are placed in position and the 
temperature of the water is taken. The candle is lit, and is carefully blown out 
when the temperature of the water is about 50° C.; this temperature is then taken 
accurately, and the candle and lid are weighed again. The calorific value of 
paraffin wax is given by: Д 

200 gm. x sp. ht. of water (1 cal./gm. * C.) ох rise of temper: 
Р z -Joss of weight of candle (gm.) , 


the result thus being in calories per gram. 


r supported in any way which 
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However much laboratory assistance he may command, it still 
remains the teacher's duty to see that the apparatus is ready to hand. 
That does not necessarily mean that it must be laid out on the benches 
before the pupils come in. The laboratory routine may require them 
to obtain it from cupboards. Nevertheless the teacher should check, 
perhaps on the previous evening, that the apparatus is available and 
in working order. Small items should not be overlooked. It is 
frustrating to discover that we have omitted to provide the cotton 
thread by which the weights are to be suspended!—and on such 
occasions the school seems to be entirely without thread or any 
Teasonable substitute. It is best, when preparing the lesson, to go 
through the motions of doing the experiment, checking exactly what 
is required. 

The class should be perfectly clear about what it is expected to do. 
This means that each experiment must be described at least twice 


he class to order and issue general 
ot be a frequent occurrence, 


Experimental readings and results 
Pupils must be trained to set down readings, 
they are taken, and preferably straight into th 
on odd scraps of Paper, which are so easily lost, This helps to form 
good habits and saves much time. The criticism that the Pupils ‘do 
5 they are going to take until they haye taken 
i riment should have been 


neatly and correctly, as 
eir exercise books: meyer 
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readings should be written down, not the results of mental additions 
and subtractions; for example, in а Boyle's law experiment, when 
using the usual apparatus with separately movable limbs, the readings 
of heights of the mercury levels in each limb are written down'in two 
Separate columns, and the differences between them, obtained by sub- 
traction, is recorded in a third column. Wherever possible, readings 
Should be tabulated in columns, and the tables should be ruled in 
pencil or ink without leaving any open ends, as shown here for the 
results of an experiment to determine the focal length of a lens. 


bo Д ас 1 
1 | 1 ITE I 
Ў 


и v | и 


и у 
ст. ст ст! | ст.1 cm.-! 
s im ИЙ 22026 = a dE 
20:5 653 | 0404878 0:01531 |  0:06409 
30:6 310 | 003268 0-03226 0-06494 
40:5* 24:9 0-02469 0:04016 0:06485 
55:7 21:5 | 0401795 004651 | 006446 
| | | 025834 
2 
Average value ord + E 20 2384 = 0:06459 
Sinc ый 
= Ss ie y 
; = 0:06459 cm. 
if == 15+5\ст. 


When results cannot be shown in a table of this kind, they should 
nevertheless be set down neatly, and it is a good rule to keep ‘equals’ 


signs under each other. For example: 
Readings (for a determination of the mechanical equivalent of heat) 


Current З = 1:92 атр. 
Potential difference = 9:48 volts. 
Time — 25:0 minutes. 
Weight of water = 389-5 gm. 
Water equivalent of vacuum flask = 140 gm. 
Water equivalent of heating coil = 25 gm. 

== “2 gm. 


Water equivalent of thermometer 
408:5 gm. 


1 


Total water equivalent 


Initial temperature of water = 53 С, 
Final temperature of water = 23-0° С. 
Rise of temperature = 15:8° С. 
= 17:0° С. 


Room temperature 
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Calculation: 


i 1 d otential difference x current x time 
BS erm expende 548 х 1:92 x (25 х 60) volt.amp.sec. 
27,300 joules. 
total water equivalent x specific heat of 

water x rise in temperature 
(Specific heat of water = 1-00 calorie gm. G4) 


-. Heat produced = 408-5 x 1 x 15:8 ат. са[. gm.-1* (0:19 C. 

— 6450 calories 

J = 27,300 joules 

~ 6450 calories 

= 4-23 joules per calorie. > 

If a teacher doubts the ability of his pupils to set down readings in 
their books straight away, without crossings out, they may be allowed 
to put down the figures lightly in pencil, so that errors may easily be 


erased. When all the readings are entered satisfactorily, the pencilled 
figures may be inked over. 


ЕЕ! 


Heat produced 


Accuracy — Arithmetically there is no 
5:00, but, as records of experimenta 
siderable differences. 5-00 is a measurement with a possible error of 
only 0:01 or 0-02. 5-0 has a possible error of 0-1; and 5, a possible 
error of one whole unit: the reading could be 4 or 6. When a pupil 
sets down ‘Length = 2-61 cm.’, it should mean that he knows the 


length is 2-6 cm., and he thinks it is 2-61 cm., although it may be 2-62 
or 2:60 cm. 


difference between 5, 5:0 and 
1 measurements, they have con- 


Significant figures in calculated results — In an experiment to deter- 
mine the density of a solid, the weight is found to be 16-83 gm., and 


the volume 6:75 c.c., then the density is " ; mm and on working 
this out we obtain 2-49481 gm. per c.c. The division process may be 
continued, but is a waste of time: there are too many figures as it is. 
The value for the volume, 6-75 c.c., may easily have an error of 
0-01 c.c.; in fact the error is probably much more. So there is no point 
in giving the result to more than three significant figures, and even the 
third figure, 2-4(9), is not likely to be accurate. Т 


depends mainly on the accuracy of the least accurate 
involved. 


Random and s ‘ystematic errors — 


When several people, using the same 
Scale in turn, find the length of a 


bar of metal to the nearest hundredth 


. taking an average of all the гези 
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of an inch, their measurements probably differ slightly in a random 
fashion. The best determination of the length is obtained by taking 
an average of all their results. If, however, the scale they use is 
inaccurate (for example, if the inch divisions each occupy only 45; of 
an inch), a systematic error is introduced. This is not eliminated by 
Its. It does not follow that, because 
an experiment is repeated many times and similar results are obtained 
on each occasion, that the results are necessarily highly accurate. 
There may be large systematic errors due to the apparatus or the 
method of using it. A good experimenter recognizes the possible 
existence of systematic errors, and, if he can, alters his methods so as 
to eliminate them; or else he calculates a correction to be applied to 
the final results. Random errors cannot be eliminated, but their 
effects can be reduced by taking the mean of several observations. 
However, a few carefully taken readings have much more value than 


many slipshod ones. 


Larger errors — There is no way of eliminating the effects of large 
errors due to carelessness, except by eliminating the carelessness. 
Every time a pupil takes a reading, he should ask himself: ‘Is this 
value sensible; is it what may be expected?’ In this way silly errors 
can be checked and corrected at once. ‘The same remark applies to 
the results of calculations: the pupil should ask himself: ‘Is this a 
sensible answer?’ When possible, results should be worked out before 
the apparatus is put away and pupils leave the laboratory, so that, if 


necessary, readings may be repeated at once. 


The description of experiments 

written accounts of experiments are not intended to 
eadings were taken?’—that should be 
obvious from the readings and results set down. The question to be 
answered is: ‘How were the readings taken?" Pupils should not write 
merely *The metal block was measured' but should give an account 
of how it was measured. A discussion of the style of expression to be 
used, in writing accounts of experiments will be found in Chapter 


XIV, page 169. 
Dictated accounts hav 


Spoken or 
answer the question “What г 


e almost no educational value beyond their 
availablity for subsequent reference. On the other hand, if children 
are left to write their own accounts without supervision, the results 
are often untidy, chaotic and illegible. Thus the teacher should first 
make sure that they know exactly what they are to write about. Then, 
at the end of the experiment, the teacher may go over the work again, 
this time taking care to use exactly the short simple sentences he 
TPH 
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expects in the accounts. Pupils are not allowed to write down what 
the teacher is saying. Subsequently, in that same period or the next, 
or for home-work, the class writes its own accounts. The teacher 
should dictate accounts of the first few experiments in order to show 
the style and lay-out required, and he may occasionally find this 
necessary during later years if the work of the class has become untidy 
or careless. Further comments on notes and note-taking, and a dis- 
cussion of diagrams, are given on pages 173-7. 


The pre-university stage 


Most of the suggestions in the preceeding sections of this chapter 
apply with equal force to the pre-university years. Pupils adequately 
trained at the earlier stages have little difficulty in setting down and 
working out results, or presenting accounts in a satisfactory manner. 
Nevertheless the teacher certainly cannot assume that the work will 


be well done, and regular inspection of experimental note-books is 
still desirable. 


Allocation of experiments — Practical work and class exposition have 
to go hand in hand during the earlier stages of a school Physics 
course. The pupil has little background of scientific knowledge and 
his powers of reasoning and visualizing are not yet fully developed. 
In later years conditions have changed: he can read text-books, or 
follow lectures and discussions, without necessarily having handled 
the apparatus or even having seen it handled. Moreover, individual 
experiments, although just as necessary as before, need not be per- 
formed at the time when the corresponding theoretical work is done: 
much greater latitude is permissible. We may profitably decide to 
adopt the university laboratory method of allocating different experi- 
ments to different pupils, working singly or in pairs. A rota-system 
is often used. The teacher obtains a large sheet of drawing-paper 
suitable for pinning on a wall or a cupboard door at a convenient 
height. He writes the names of the pupils down the left-hand Side, the 
names of the experiments across the top, as shown in Figure 4, It is 
assumed that pupils normally work in pairs, but there may be excep- 
tions. For example, in the chart (Figure 4) ‘De Bonito’ has been 
absent for some time and has fallen behind the others, and ‘Martin’ 
has only just joined the course. When an experiment is allotted to a 
‘pair’, the teacher puts a dash in the appropriate space; and when it 
has been completed and satisfactorily written up he crosses the dash. 
As a rule, pupils are not allowed to proceed to a new experiment until 
all those previously attempted have been crossed off. Sometimes, 
however, the apparatus is not immediately available for repetition of 
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FIGURE 4.—The allocation of pupils’ experiments: a specimen chart, (A 
dash a that ihe experiment has been allotted; a cross that it has been 
completed.) 

that, we may imagine, is what has happened in the 
e chart (Figure 4). The mere existence 
much interest, enthusiasm and friendly 


an experiment; and 
case of pair number six in th 
of such a table often arouses 


rivalry among the pairs of pupils. ] , 
А difficulty may occur at the beginning of a practical course 
arranged in this way. The teacher may wish to allot the same two or 
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three experiments to all the pairs. The difficulty may be overcome by 
using any or all of three methods: (i) the provision of extra sets 
of apparatus for the earlier experiments; (ii) the starting of the 
theoretical course with a subject (e.g. mcgnetometry) which quickly 
leads to a large number of experiments; (iii) the adoption of a 
university method in which each set of apparatus has its folder or 
sheet of instructions, containing the relevant theory, method of per- 
forming the experiment and of working out the results. Using the 
instructions, a pupil can carry through the experiment at once, and 
acquire the background knowledge later. Much initial labour has, of 


course, to be expended in providing the written instructions, but the 
folders can be re-used year after year. 


‘Research-type’ experiments 


follow instructions, decide upon and take the necessary readings, and 
to arrive either at a reasoned conclusion or the determinati 


course of practical instruction and can use his brains and fingers to 

; and one who has carefully learnt by heart a few 
{ 1 ‚ Of which he expects one or two to be set in the 
examination. One example * must suffice: 


Join the given dry cell to a 2-ohm coil and a switch, or plug-ke 
Shown (Figure 5): аа 


2n Switch 


A B 
to potentiometer 
FIGURE 5 
* Taken from a University of Cambridge G.C.E, ‘A? level paper. 
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Connect also a potentiometer circuit so that the potential difference 
between the terminals A and B can be balanced. 

(i) Record the balancing length when the cell is on open circuit. 

(ii) At a known time, close the circuit so that the cell sends a current 
through the resistance coil. Eind the balance point as quickly as possible 
after closing the circuit, and note the time at which this is achieved. There- 
after find the balance point at intervals of 2 minutes from the instant of 
closing the circuit, for 20 minutes in all. Keep the circuit closed for the 
whole of the 20 minutes. 

(iii) After finding the balance, 20 minutes after closing the circuit, open 
the circuit. Find the new balance point as quickly as possible, noting the 
instant at which it is obtained. Thereafter find the balance point at intervals 
of 2 minutes fror the moment of opening the circuit. Continue this for 


10 minutes in all. 
he balancing length varies with the time 


Plot a graph showing how t 
during the discharge of the cell and its subsequent recovery. By extending 
your curves, deduce what the balancing lengths would have been had you 
been able to find them at the precise instants when the circuit was closed 
and opened.» 

Use your results to calculate the internal resistance of the cell at the 
beginning and end of the discharge. 


Such experiments provide very valuable training, and it is well 
worth omitting some of the standard experiments in the *C' syllabus 
(page 291) in order to include problems of this type. Invention of 
‘research-type’ questions takes much time, thought, and ‘try-out’, and 
most teachers collect them from back numbers of examination 
papers. * 

Simpler varieties of such problems may be set at an earlier stage. 
The following problem question is suitable for pupils who are nearing 
the end of the work contained in syllabus *B' (page 267): 


bber tubing, T-piece, bunsen, with an 


Apparatus: glass tubing, ru ; à 
lagged calorimeter over it, thermometer, 


arrangement for holding an un 
100-c.c. measuring cylinder, clock. и 
р and а bunsen burner and connect 


Insert the T-piece between a gas-tap_ | ) 
to a water-manometer made by inserting a glass tube into water in the 
d use it to warm a measured volume of 


test-tube. Light the bunsen an volu 
water in the calorimeter. Find the time taken for the water to rise in tem- 
perature from 25? to 40° C., and observe at the same time the manometer 
pressure. . 

Repeat your measurements at four different gas pressures. Calculate 
for each the number of calories per minute received by the water (the 
calorimeter being left out of account), and plot this against the gas 
pressure. 


Graphs in experimental work 
Expression of experimental results by means of graphs should be 


eriments can be designed from details given in Sir Cyril 


* Many such ехр 
/ Physics (Cambridge University Press). 


Ashford's book Practica 
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encouraged at as early a Stage as possible. The following recom- 
mendations may be useful: 


(a) For all school purposes, except when the highest degree of 
accuracy is required in senior work, paper divided into one-inch, 
half-inch and one-tenth-inch Squares is much to be preferred to 
centimetre- and millimetre-squared paper. 

(b) Pupils should, in general, be encouraged to draw the largest 
graphs that the paper makes possible; but this should not be at 
the expense of having to take curious scales on one or both axes. 
For example, if pupils have to plot values from 0 to 11 on paper 
of width 8} inches, they will make far fewer errors by taking 
I inch — 2 units than with 1} inch = 2 units, 

(с) Both axes should be clearly marked with the units, and with the 


(d) Each point on the graph should be shown neatly by a dot, ora 


(e) Graphs of functions known to give straight lines, for example 1/v 
against p (Boyle's law), should be drawn with a ruler. Equal 


plotted points: for example, one 
point 4 inch from the line ‘balances? two points each at $ inch 


(f) If the graph is not a Straight line, a smooth curve must be drawn, 
giving equal weight to all points. It must not be a zig-zag line 
joining one point to the next. 

(g) What is to be done When one point falls a long way off the graph 
(or one value differs greatly from the others in the final column 
of a table of results)? Should that value be omitted? No, When- 
ever possible the pupil should repeat that particular reading: if 
found to be incorrect, the value is altered; if the same value is still 
obtained, it should be left in and given equal weight with the 
other readings. Obviously the anomalous result will be a subject 
of discussion between pupil and teacher. 


In advanced work, pupils frequently discover by measurement how a 
quantity y (for example, the extension of a Spring, or the frequency 
of the note produced by a Stretched string) varies with another 
quantity x (for example, the weight attached to the spring, or the 
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tension in the string) and then have to derive the equation connecting 
y and x. 


(A) If the graph is a straight line we know it has the form 
y= mx + c. When x = 0, y = c. mis the slope of the graph, in 
the units of y/x. 

(i) If the relation between y and x is not linear, we may know from 
theoretical considerations that y varies linearly with x? or 1/x? or 
some other function of x (for example: Т cc V/ for a simple 
pendulum). $o we plot y against x? (or Vx or whatever it may 
be), obtain a linear graph, and proceed as before. 

(j) Frequently we know, or suspect, that y varies with x according to 
a power law (that is, y — Kx"), but do not know 7. In this case 


we plot log y against log х. Since, 
e log y = log K + п log x, 
nis the slope of the straight line obtained by plotting log y against 


log x, and log K is the intercept (value of log y) when log x = 0. 


Pre-university pupils nearing the end of their school course should be 
familiar with these techniques. Polar co-ordinates may occasionally 
be used; for example, when plotting the intensity of light, measured 
with a light-meter, in different directions around an electric lamp. 
Special polar graph paper is not necessary, as pupils may rule circles 
on a sheet of plain paper. 
or demonstration by the teacher ? 
When preparing his lessons, the physics teacher is constantly faced 
by the problem: ‘Shall I allow the pupils to do this experiment? Or 
shall I gather the class round my demonstration bench and show 
them the experiment?” Та the latter case it will be done more quickly 
and with more accurate results, perhaps allowing two or three more 
demonstrations to be included. Moreover, only one set of apparatus 
is needed. The young teacher therefore tends to substitute demonstra- 
tions for individual practical work. But there are three things that 
cannot be achieved by demonstrations, except, perhaps to a very 
minor extent. The advantages of pupils’ individual work with 
apparatus are: 
1. Pupils find things out fo 
demonstration, however € 


for ‘learning by experience". 
2. Work is provided for fingers as well as brains: pupils obtain 
practice in the use of apparatus. 


Individual work, 


r themselves (the heuristic method). No 
fficiently performed, can be a substitute 
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3. As every teacher knows after his first week of teaching, practical 
work arouses interest and maintains enthusiasm. 


Individual work in the laboratory shou!4 therefore be the rule and 
not the exception. Nevertheless, demonstrations have their place. 
Individual work takes more time, not only in performance, but also 
in the amount of explanation required. Another obvious factor is the 
cost; fifteen sets of apparatus may be needed instead of one. Then 
there is the trouble involved: in an ideal universe all schools would 
be provided with adequate laboratory assistance, but in practice this 
is seldom the case. The teacher js frequently his own laboratory 
steward, and individual experimenting means more preparation 
beforehand, and more clearing and tidying afterwards. Moreover, 
demonstrations by the teacher have some positive advantages. All 
attention is focused on the demonstrator who can emphasize, even 
dramatize, the crucial results or readings, and underline the principles 
involved. More accurate results are obtainable. For example, having 
learnt the value *1/273 per °C.’ for the expansion coefficient of a gas, 
or *981 cm. sec.-? for the value of the acceleration d 
pupil is liable to be disappointed when, by his own efforts, he obtains 
1/354, or 936! The teache 
results, 1/265 per °C. or 990 cm. sec. -?, (He should guard against the 
temptation to ‘cook’ the readings to give the magic numbers 1/273 
and 981; in this, as in so many other aspects of life, the end does not 


Even in the last two years of the pre-university course, some time 
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may most usefully be spent on qualitative demonstration of prin- 
ciples. For instance, the study of simple harmonic motion (page 293) 
may be started by demonstrating several examples of periodic motion 
and inviting pupils to consider what they can discover by simple 
observation; or, if a ripple tank and its associated apparatus is avail- 
able, wave properties such as reflection, refraction, interference and 
diffraction can be demonstrated before students begin to discuss the 


possibility that light is a wave motion. 


Points to be noted in demonstrations — The first two are the same as 


those given for individual practical work on page 87. 
(a) The details should be simplified so that the principles are readily 


observable. 
et up and tried out before the lesson. 


(b) The apparatus should be s 
(c) As a rule, not more than two experiments should be shown in 
order to demonstrate the same generalization, especially for the 


younger pupils and the lower-stream classes. Otherwise there is 
danger that the details of the various experiments will become 
inextricably confused in pupils’ minds. 

(d) If measurements are being made, pupils should frequently be 
asked to take the readings. (An interesting extension of this pro- 
cedure, half-way between individual work and demonstration, has 


been described.) * 
(е) Pupils should not be constantly moved backwards and forwards 
oratory and the demonstration 


between their places in the lab з 
bench. After two or three demonstrations have been shown, the 


pupils may return to their benches. The experiments are then dis- 
cussed and, if necessary, descriptions are written in note-books. 


* See the School Science Review, No. 119, page 50. 


CHAPTER X 
Discipline in the Laboratory: Safety and Danger 


Discipline: junior pupils 


upon the same manipulative jobs naturally wish to talk to each other, 
and quiet talking should be allowed. A headmaster should not be 
disturbed if he finds a science class making more noise, for example, 
than a history class. On the other hand, talking and walking about 


discipline we want, modified 
in the school. ) 


The science teacher has one considerable advantage, provided he 
uses it wisely, over his class-room colleagues. If his rules are dis- 
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regarded, there will be no practical work, not indeed as a punishment 
but simply because it is not safe. In the same way, taking EROS 
down a coal-mine, or smoking near gasolene tanks, is not safe. 
Public opinion usually brings any offenders to heel. Nevertheless 
the teacher must be vigilant, remembering that all children fave 
irresponsible moments. One test of a teacher’s discipline is: can he 
call the class to immediate silence and attention when the need arises? 


Rules for the science teacher: junior classes 
(a) No class, пог еуеп single pupils, should be allowed in the labor- 


atory when a teacher is not present. 
before the teacher, it should line up 


(b) If, therefore, the class arrives 
along the wall outside, not blocking the corridor, verandah, 
passage or doorway, not shouting, walking around or throwing 
art, the teacher should not 


things, but waiting quietly. For his p 
strain thé patience and natural high spirits of the class by being 


late. 

(c) When the teacher indicates that the class may enter the labor- 
atory, talking should stop, and pupils should go to their places 
without jostling or fuss, without any grabbing of stools and ink- 
pots. (If sufficient of these items are provided, there should be no 
trouble.) ы 

(d) The teacher should show by his attitude that he is ready to begin 

ence and wait for it. He should not 


the lesson; he should expect sil 
raise his voice to overcome noise and chatter. To shout at a noisy 
class is unwise as a rule: it is better to deal by name with one or 


two of the largest and noisiest members, so that the others will be 
quiet, if only in order to hear what is happening! 
(e) The teacher should address the whole of the class. This rule is 


especially applicable in the laboratory, in which, because of its 
ften a long way from the teacher. The best 


size, some pupils are o 

way is for the teacher to put his chin up and address most of his 
remarks to the pupils in the back row; those in front are then in- 
cluded. If the teacher addresses the front row, those at the back 


feel left out. 
(f) The teacher should expect silence and attention while he is talk- 

ing. He should try to add interest to his speech by using variations 
of loudness and pitch. The general level of loudness should be 
such that all pupils can hear without strain provided that they are 
attending, not so loud that his voice forces its way through the 
dreams of the inattentive—except when deliberately raised! The 
teacher can thus tell who is attending and who is not, and can 


easily call the idler to order. 
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(g) The class must be kept busy. To ensure suitable activity it is 
necessary to make adequate preparation of teaching method and 
apparatus. These matters have been dealt with in the previous 
chapters. Monotony must be avoided and interest maintained. As 
much variety of teaching method as possible should be introduced. 

(h) The teacher should try to foresee and remove possible causes of 
trouble. He should make sure that apparatus is sufficient in 
quantity and in good order. Pupils should be sitting comfortably 
where they can see the teacher's demonstrations or blackboard 
Work, and should not be too crowded. 

(i) The teacher should try to produce an atmosphere, not of. rigid dis- 
cipline, but of people working together to achieve a common end. 


- Rules for pupils: juniors and seniors 


Senior pupils in the last years of the school course are naturally 
allowed greater latitude than juniors. They get out, üse and put 
away their own apparatus without special instructions. They can be 
allowed in the laboratory for short periods without a member of the 
staff being present, but not for long periods in case the temptation 
to try unauthorized experiments becomes too great. Many accidents 
have occurred because of inadequate supervision of senior students. 
This merely means that the teacher should be there, perhaps even 
doing some other job, but keeping an occasional eye on the activities 
of his fellow-workers. A set of rules, such as the following, should be 
displayed in the laboratory, and the attention of all students, seniors 
as well as juniors, directed to it. 
- Nothing is to be taken from the laboratory and no apparatus 
borrowed without the express permission of the teacher in charge. 
2. Apparatus and material may be used only for purposes sanctioned 
by the teacher. Pupils must not perform unauthorized experiments. 
3. Any mishap, cut, burn, scald, substance in mouth or on clothes, 
must be reported to the teacher at once. Nothing may be tasted 
without definite instructions from the teacher. 
4. Breakages and faults of all kinds should be reported to the teacher 


at once (including leaky gas taps, frayed insulation on electric 
wiring, etc.). 


5. When practical periods are over, 
and tidy in the places from whic 
switches must be left 
tidy. 

6. Water, gas, electricity, must not be wasted. All materials must be 


used economically. Waste solids must be put in the boxes pro- 
vided, and not in the sinks, 


all apparatus must be left clean 
h it was obtained; all taps and 
turned off; benches must be left clean and 
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7. When in doubt, the teacher's help or advice must be sought. 
Rules of special application to a particular laboratory may be added 
to these, but the temptation to make a long and confusing list of rules 


should be avoided. 


Avoiding accidents 
(a) Storage — No large stocks of corrosive or inflammable liquids, 
or poisonous substances, need be kept in a physical laboratory. 
However, some large bottles of acids, and solvents such as ben- 
ified spirit, are useful. These should be kept in a 
storeroom and at or near floor level. Pupils must always use two 
hands when picking up a largé bottle, which should never be held 
by the neck. Smaller bottles should be kept in cupboards or on 
shelves at or near bench level. Glass tubing should be laid hori- 
zontally in long drawers, or on shelves fitted for the purpose; it 
should never be stored vertically in the *umbrella-stand' type of 
container, as it is most apt to poke out the eyes of the seeker after 
the small piece of tubing of exactly the right size down at the 


bottom! 


vork — Pupils should be shown how to cut small-bore glass 
a scratch, putting the two thumb nails opposite 
lling slightly apart as the tubing is snapped, so 
ken-off piece does not cut the hands. 
ted by a cloth. Tubing of wide bore 
must be cut by one of the special methods described in the 
books.* Pupils using blowpipes to bend tubing, blow bulbs, make 
T-pieces, etc., are almost bound to burn their fingers slightly on 
some occasion, and it should be pointed out that hot glass takes 
some considerable time to cool. (This also applies to the top of a 
tripód, which remains hot for some time after it has been used!) 
Perhaps the most likely source of serious cuts is the ramming of 

t of rubber bungs. When a tube is inserted, 


glass tubing into or ou 1 ‹ 
it should not be too tight a fit, and it should be well lubricated 
with water. No great force should be used, just a slight push, 


parallel to the tube, together with a twisting motion. No attempt 
should be made to remove by force tubing stuck in a rubber bung. 
The rubber should be eased away from the glass, and water or 
liquid paraffin trickled between them, in the hope that the 
lubrication will be sufficient to enable the bung to be turned 
around the tubing so that they may be twisted apart. Otherwise 


* For example, М. С. Nokes, 


zene and recti 


(b) Glassy 
tubing by making 
the scratch, and pu 
that a rough edge or a bro 
The hands may also be protec 


Modern Glass Working, Heinemann. 
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we must decide to sacrifice the bung and cut through it to the 
tubing with a sharp ‘trimming-knife’ or razor blade in a holder. 
Or it may be possible to slide a cork-borer down the outside of 
the tubing and ease it away from the bung. We then remove the 
tubing from the cork-borer, and then the borer from the bung. 


(c) Tools — The Physics teacher is not likely to have time to give his 
classes a proper course on the use of tools. Nevertheless, he 
Should correct dangerous practices and keep an eye even on 
senior boys. 


(d) Electricity — The value of the current through a human body 
determines the extent of the shock, which may be lethal. Current 
equals voltage /resistance, so the higher the voltage, the greater 
the danger. Anything from 50 volts upwards is potentially 
dangerous. But the effective resistance of the humar body is very 
variable and depends upon the degree of contact made. Wet 
hands make good contact: the effective resistance is low, the 
current high and the shock great. 


Earthing. To receive a shock, the body has to be between two live 
conductors. Touching the two ends of the mains supply is fortu- 
nately rare. Shocks are more often obtained between (i) the case 
or another part of an electrical instrument which has, by accident, 
become joined to the ‘live’ end of the mains, and (ii) an earth- 
connected object such as a water pipe or gas pipe. The reason for 
this is that the other lead of a mains supply—the ‘neutral’ lead— 
is already connected to ‘earth’. This cause of shock can be entirely 
avoided by connecting to earth the metal cases and other metal 
parts of electrical instruments used on mains supplies. If, as a 
result of a fault, a live wire touches the case, the fuses are blown 
and the fault is discovered and can be cured. All mains plugs in 
a laboratory should be of the *3-pin' kind, the third lead being 
an earthed lead. Tf, however, no earth lead is provided, cases and 
other metal parts should be earthed (in order of preference) to: 
(i) the outer lead of the electric cables; (ii) a water pipe (assuming 
that metal pipes, not cement or asbestos, are used); (iii) а *con- 
structed’ earth made by driving a metal pipe into the ground. Gas 
pipes should never be used for ‘earthing’. If in doubt, the advice 


of those responsible for the building of the laboratory should be 
taken. 


Note: this advice about earthing applies in a laboratory, where a large 
number of already earthed conductors are certain to be found. In ‘earth- 
free’ rooms, earthing of cases, etc., is neither necessary nor desirable. An 
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Ы + D H H H б 
earth-free’ room is one which is never damp, and which contains no pipes, 


sinks, gas, etc. 


Switches. Single pole mains switches should always 


(e) 


/ Q) 


‚ Low-voltage supply systems should also have one side earthed 
in case, by accident, the system should become connected to the 
high potential side of the mains. 24 volts (or less) is usually con- 
sidered adequate for a low-voltage supply, but if 100 volts is used, 
it should be earthed at a centre-tapping, 50 — 0 — 50, so that the 
shock obtainable between the supply and earth is from a maxi- 
mum of 50 volts. 

be connected on 
the ‘live’ side, so that, when the switch is ‘off’, the apparatus is 


isolated from the high tension side of the mains. Before making 
adjustments to the interior of mains apparatus, the connecting 
plug should, of course, be disconnected. Mains sockets should 


not normally be fitted to benches used by junior pupils. 


Electrical apparatus — High voltages are necessary for cathode 
ray tubes, and for the production of X-rays. If such apparatus is 
used, it is usually supplied from a ‘power pack’ working from the 
mains. Small currents only are required, and the power pack can 
be made reasonably safe by joining in series with it (inside the 
case if possible) a high resistance which will limit the short-circuit 
current to 5 or 10 milliamperes. Wiring and testing of the high 
tension supply unit should be conducted only by the teacher or a 
competent senior pupil, aged not less than 17, under his direct 


supervision. The power pack, and any other components to 
which high-voltage electricity is supplied, should be enclosed in 


an earthed metal case. 
Electrostatic machines can give unpleasant shocks, but are not 


usually dangerous unless connected to batteries of Leyden jars, 
or similar capacitors. Some teachers have made small Van der 
Graaf machines, and these are definitely more dangerous. 


Dangerous experiments — Apart from possible dangers con- 
cerned with the use of electricity, the physical laboratory is a 
much safer place than a chemical laboratory. The risk of explo- 
sion is almost confined to the possible mischance of a blocked up 
steam-boiler, and even then all that happens is that the cork is 
blown out. This can be avoided by having a second, open, tube, 
about a yard long, fixed in the cork (provided the can is being 
used in an upright position), to act as a pressure gauge. If the 
steam tube does become blocked, the fact immediately becomes 
obvious, because the water rises in the *pressure-gauge' tube and, 
if permitted, ultimately overflows at the top. 


$ 
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Materials used in the physical laboratory are not usually highly 
poisonous, though normal care must be taken in handling corro- 
Sive acids, caustic soda, etc. Junior pupils using pipettes need 
careful instruction; even such ‘harmless’ substances as copper 
sulphate solution are poisonous if swallowed in large gulps! The 
type of pipette with a safety bulb near the top is strongly recom- 
mended. 

Powerful sources of X-rays or of radio-activity are potentially 
dangerous. They are not necessary in a school laboratory, al- 
though it is possible that schools’ use of radioactive materials in 
small quantities may be a future development. Pupils' eyes should 
be screened from sources of ultra-violet light, such as mercury 
vapour lamps, by means of goggles if necessary. Similar care is 
needed in the use of ordinary carbon arcs, including the adjust- 
ment of an arc in a lantern. 


Dealing with accidents 


(a) 


Spilt liquids — All spilt liquids, including harmless substances 
such as water, should be mopped up at once. A supply of clean 
dry rags should be kept for the purpose. Sometimes pupils may 
be asked to provide suitable cloths for their own use, or to bring 
pieces of rag for use as laboratory ‘swabs’. The blackboard duster 
should not be the only available rag! If inflammable liquids are 
spilt, all flames in the vicinity should be extinguished until the mess 
is cleared up. 

Liquids on the skin or on clothes should be immediately 
washed off with plenty of water. Acids spilt on the bench may be 
treated with powdered sodium bicarbonate or carbonate, or 
calcium carbonate; acid on the clothes should be neutralized 
with ammonia. Caustic alkalis may be neutralized with dilute 


acetic acid. In all cases, floors and benches should then be 
swabbed, and clothes rinsed. 


(b) Fire — In all cases the action taken is that of excluding air. 


Equipment: (i) A heavy woollen blanket, or, preferably, a fire- 
proofed blanket of a kind now supplied in a tin canister that can 
be fixed to the wall, thus making it instantly available, (ii) Two 
buckets, or large tins, of sand with a scoop. (iii) One or more fire- 
extinguishers, preferably of the ‘foam’ type. 

If a pupil’s clothes catch fire, the flames should be immediately 
smothered by rolling him in the blanket. It may first be necessary 
to place him on the floor with the burning part upwards. Ordinary 
fires of paper, shavings, etc., can be put out by water, but this is 
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useless for burning oil. Oil fires must be smothered with sand or 
earth, or by the use of the foam extinguisher. If fire is due to gas 
or electricity, the first action is clearly to turn off the main stop- 
cock or switch. Teachers and senior pupils should know exactly 


where these are to be found. 


WA ccidents and first-aid 
The first-aid kit should be kept ina special box—about 2 feet by 
2 feet by 6 inches with one shelf in the middle—preferably fixed to 
the wall and painted white, with a red cross. A lock is not recom- 
mended since the key may not be instantly available in an emer- 
gency. The kit must be kept scrupulously clean and in first rate con- 
dition. Care is necessary: for instance, if tincture of iodine is allowed 
to evaporate the solution becomes more concentrated and may 
damage the.flesh when applied to a wound. A suggested list of con- 
tents is given in Appendix G, page 367. 
The teacher should wash his hands tho 
before dealing with cuts and burns. 


roughly in soap and water 


Cuts —(a) Minor cuts and abrasions. (i) If clean, these should be 
swabbed with tincture of iodine on a pad of cotton wool, and then 
covered by a sterilized dressing, which may be held in position by 
adhesive tape or a bandage. (ii) Washing of the wound should be 
avoided unless it is dirty or contaminated by acid, etc. Careful use of 
tweezers may be necessary to remove bits of glass. A dirty cut may be 
swabbed with clean soapy water оп a clean pad of cotton wool, then 
dried and treated as in (i). (5) Arterial bleeding. A doctor's attention 
is needed, and a tourniquet should not be applied without expert 
knowledge of procedure. A thick pad of gauze and/or cotton wool 
should be pressed over the wound. If the pad becomes soaked with 
blood it must not be removed but covered by another and larger one 
and the pressure maintained. (Fainting is a common sequel even to 
minor injury, and should be treated as described below.) 


rt should be bathed gently with a warm 


Scalds — The affected ра 
ay then be treated as 


saturated solution of sodium bicarbonate. It m 
an ordinary dry burn. 


Burns — (a) Small. Dry burns, even when only a tiny area is affected, 
are often painful and should be treated at once. Various methods are 
advised by the experts, and it is best for the teacher to get the recom- 
mendations of the doctor who will attend to any serious case at 
the school. The usual simple treatment is to cover the place with a 


LE) 
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sterilized pad of gauze or cotton wool soaked in saturated sodium 
bicarbonate solution (to be replaced before it gets dry). The pad 
Should then be covered by a sterile occlusive dressing (to keep out all 
'germs"). Alternatively, zinc oxide ointment may be applied on lint, 
and bandaged to exclude air. (b) If the burn is serious, а cold-water 
pad should immediately be applied. Meanwhile, a solution in water of 
tannic acid powder or tablets is made up, of strength 1 gm. to 50 c.c. 
of water (the solution must be fresh; it does not keep for more than 
а day or so). This solution is applied on a sterile pad of gauze or 
cotton wool, which is then covered to exclude air. (It is best to 


sterilize dressings afresh when they are to be used—by heating ina ` 


Steam or other oven—but they must never be applied hot.) 
Burns may produce Shock, and when it occurs this must be treated. 


dressings, with or without the above-mentioned treatment, Every 
effort should be made to get the patient to hospital quickly. 


Eye injuries — Any injury to an eye must be dealt with by a doctor 
45 soon as possible, A drop of castor oil should be put into the eye, 
which must then be covered by a pad of 


Sometimes difficult to remove: the patient mu: 
doctor's attention obtained at once, 


Poisoning — In all cases a doctor should 
possible after giving the following treatment: Solids and liquids. If 
taken into the mouth they should be Spat out at once 
rinsed with much water, followed by a suitable 
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lowed, the procedure should be: (a) For corrosive substances the 
patient should be given white-of-egg or milk, and rice-water or 
barley-water. The patient should ло? be encouraged to vomit and 
should not be given emetics or purgatives. (i) In the case of acids, 
much water, followed by lime-water or milk of magnesia, should 
first be drunk. (ii) For alkalis, much water followed by dilute (1 per 
cent.) acetic acid, or lemon-juice, should be given. (b) For non- 
corrosive poisons, an emetic should be given at once, for example, a 
tablespoonful of common:salt or a teaspoonful of mustard in a 
tumbler of warm water, to encourage vomiting. Then white-of-egg, 


rice-water, etc., should be drunk. 


Electric shock — First, the current must be switched off immediately. 
If necessary the victim must be treated for burns and shock. He 
should be made to lie down flat and should be kept quiet and warm. 
In serious eases artificial respiration may be required. 


Fainting — If a pupil feels or looks faint after an accident, he should 
be made to sit in the open air with head between legs, after his cloth- 
ing has been loosened. Smelling salts should be applied, and, only if 
he is quite conscious, a little cold water or stimulant (for example, 
hot tea or coffee—not alcohol) may be given. If he is unconscious, he 
should be laid on his back with head on one side. Smelling salts 
should be applied and he should be kept very warm. On recovery 
he should be kept quiet for some time, and care should be taken to 


see that there is no relapse. 


Shock — Symptoms and treatment are similar to those of a faint. 
Rest, quiet and warmth are essential. 


n ‘accident book’ in which the teacher enters 
ооп as possible after its occurrence. 


He should confine his remarks to a brief statement of the facts, 
including the subsequent action he took. He should not indulge in 
theories as to why the accident occurred, or make any attempt at self- 


justification. 
Anything may happen ina laboratory and it is well to be prepared, 
hence this rather formidable section on ‘Dealing with accidents’. 
a correct perspective: in twenty years 


However, to put the matter in г 
of physics teaching the author's pupils have suffered only three acci- 
dents that needed hospital or doctor's attention. One concerned the 


breaking of glass in a door, and another was caused by a boy cutting 
his head on a bookcase. Both of these might have occurred in a 


Most schools keep а 
details of an accident as s 
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library. The only real laboratory accident was to a senior boy deter- 
mining the moment of inertia of a flywheel by allowing a five kilo- 
gram weight, attached to a cord, to unwind and fall off from the axle. 
He attempted to catch the weight nearthe floor and the result was two 
split fingers that had to be stitched. It is the unexpected that happens! 
Nevertheless small cuts and burns, spills, floods and minor fires, are 


the lot of every laboratory. The risk of these small accidents occur- 
ring should be reduced to a minimum. 


EHAPTER XI 


Apparatus and Laboratory Assistance 


Making apparatus ? 
А list of secondary school equipment for teaching Physics contains 
the item ‘Boyle?s law apparatus, adjustable tubes’. The cost is also 
given: ‘10,00 dollars’. This is just one item in a list which, for Physics 
alone, for only 40 pupils, totals $1,770. A further $633 worth of tools 
and other supplies is also listed, making about $2,400 for 40 pupils. 
Admittedly, the cost would not increase proportionately to numbers: 
thus for 80 pupils it would be less than $4,800, but is still quite large 
enough. If we do not have $2,400 to spend, what shall we do? What 
about the item, ‘Boyle’s law apparatus, 10.00 dollars’? Pupils must 
better still if they can do it themselves, 


see this experiment, and it is 
but we cannot afford $10 for one set of apparatus. How else can the 


law be investigated? Here is an idea: 

1. A small funnel is fitted to a length of wide capillary tubing about 90 cm. 
long and 1 mm. internal diameter. A column of mercury about 35 cm. 
long is introduced into the tube; the amount entering can be controlled 
by placing a finger over the other end. The mercury column is adjusted 
to occupy the middle part of the tube, One end of the tube is then 
temporarily closed by a short length (1 inch) of rubber tubing carrying 

ass tubing. The other end of 


a small piece of glass rod or sealed-off gl : 
i aled in a flame, the tube being rotated mean- 


the capillary tube is then se t 
while. As soon as it has cooled, the apparatus 1s ready. It may be con- 
veniently mounted on à length of wood, a yard long and about } inch 
square in section, by means of three or four ‘Terry’ clips or in any other 
convenient way. The wood can be held in an ordinary clamp, boss and 
stand, so that the tube overhangs the edge of a bench. Readings of the 
length of the enclosed air-column are taken with the tube horizontal 
(atmospheric pressure), and then with it vertical (total pressure equals 
atmospheric pressure plus or minus the length of the mercury column, 
according to which way up). This gives three readings, adequate for 
an elementary investigation; but, of course, any number of intermediate 
readings may be taken by placing the tube at an angle and measuring 
the vertical distance between the ends of the mercury column. 

1f possible, the tubes should be made in the dry season of the year. 


Before filling, the tube should be dried internally by using bellows, the 
hrough a long metal tube heated at 


air from which has been passed t : h 
its centre by a flame and joined to the capillary by rubber tubing. Only 
tle pressure on the bellows. Except 


a slow stream is required, with lit : 
when actually in use, the open end of the capillary should be closed 


with the rubber stopper. The tubes should be stored in the permanently 
warmed cupboard described later, page 124. 
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Here are some further suggestions for economy : 


2. A double-walled calorimeter is listed at $3.25. Any small can of tin- 
plate, aluminium, or other metal, capable of holding 50-100 [- 18 


FIGURE 6.—A steam apparatus with water-trap (for latent heat experiments) 


FIGURE 7.—A steam apparatus without water-trap 
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with cotton wool. The total cost is i i i 
p practically nothing, and, sinc 
some 15 or so of these are required for class experiments, the Sal 


2 saving is considerable. 
. А steam-can for latent heat experiments is priced, in a makers’ cata- 
logue, at 3s. 6d. A ‘water-t?ap’, normally used with the steam-can, costs 
a further 2s. 6d. (Figure 6). Any suitably shaped tin-can can be used 
instead (for example, a can which has held a quart of oil), and if the 
4 can is used in the position shown in Figure 7, no water-trap is needed 
. The list mentioned above includes Wheatstone bridges, slide-wire type, 
at $6 each. Equally useful half-metre or metre bridges can be made 
from the following materials: 
A piece of wood about 10 cm. wide and 1 cm. thick, and a little 
longer than 50 or 100 cm., according to which size of bridge is wanted. 
A half-metre or metre scale. 
Seven terminals with washers and nuts. 
Some brass or copper strip. 
A length of bare resistance wire, about 24-gauge. 
Total cost, not more than $1. 
5. A lamp, for a lamp-and-scale galvanometer, is listed at £2.10.0. An 
equally serviceable lamp can be made from: 
А convex lens, 7 to 15 cm. focal length. 
Any tin-can, with a lid, that is a few centimetres longer than the 


focal length of the lens. 
A 6-or 12-volt automobile tail-lamp bulb, preferably double- 

contact type, and a holder for it. 

A few small bolts and nuts, say 4 or 6 B.A. thread, and an old 


tin-can to cut up. 


i 
' ' 

i 
Teen К+----=— — 
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—the distance f + is slightly greater than 


FIGURE 8.—A galvanometer lamp 
M is the galvanometer mirror 


the focal length of the lens. 


Figure 8 shows the design. To cut neat circular holes in tin-cans 
without using speci: mall nail is first tapped through the 
tin at the centre of the hole. Then an ordinary wood centre-bit, or 
auger-bit, of the right size e, is held in the hand, and turned 
slowly and carefully to scri 
is put underneath the metal. Some sort o 
centre-bit is required; for instance, а spanner with a central hole, or 
à piece of wood with a hole into which the shank can be pushed. 

A manufacturer's quotation for a galvanome 
but one can be made by buying а translucent paper 
suppliers for 2s. 6d. and sealing it with adhesive paper between two 
pieces of window-glass cut to the correct size. 
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6. The apparatus usually used for elementary measurements with lenses 
and curved mirrors consists of a light-box, two lens-holders, and two 
White screens with mirrors on the back; the same light-box can then 
be used for two pupils, or pairs of pupils, experimenting at the same 
time. According to a maker's catalogue, «he box costs £2 15s. Od., two 
holders cost 9s. and two Screens £1 8s. Od., total £4 12s. Od. Now, lens- 
holders and screens can easily be devised from pieces of wood, while 
the light-box can be made from a tin-can large enough to enclose a 
mains type 60-watt ‘pearl’ or ‘frosted’ bulb. Suitable holes are cut in 
opposite sides of the can and are covered with small pi 
of the kind used for heating beakers on tripods. The gauze is fastened 
on with small bolts, nuts and washers. Ventilation holes are cut in the 
top to prevent the can from getting too hot. The sides of the tin should 
be whitened for ‘focusing back’ experiments. The whole £4 12s. Od. 


holder and two Pieces of mirror glass, whi 
mirrors. 


7. Substitutes, even for the ‘essential apparatus’ of a 
can be found if necessary*: for example, 

(a) A ‘tripod’ can be made by removin 
can by means of a Сап-орепег, and then cutting away pieces of the 
Sides so that the can has three legs, 

(6) A spirit burner can be made from an ink-bottle or a boot-polish tin 


a hole in the lid, through which a wick 
\ » à plece of rag or cotton-waste may be 
used as a wick, 


(c) Cigarette tins may be used instead of beakers, 


physics laboratory, 


, However, schools Which undertake a course of Physics such as that 
visualized in this book will not usually be so badly equipped that they 
have to adopt such expedients as (a) and (5) above! 


The above suggestions for saving money 


kind of apparatus that can be made wi 
and without any Specially constructed workshop, 


anything, however, we 


> Second, we must have 
the necessary materials, and third, the necessary tools, 


kind are contained 
evastated Countries, 
ncorporated in а new book 


ina Unesco publication: Suggestions for Science Teachers in D. 
by J. P. Stephenson. (This work has recently been i 
entitled Unesco Source Воо, 
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Sources of ideas for improvisation 

A well-known proverb says: ‘Necessity is the mother of invention.’ 
When the alternative to making the item of apparatus ourselves is 
simply to do without, an Rea for improvising will soon come. 
Recently a teacher had to give a lesson on simple harmonic motion; 
he proposed to obtain the well-known theoretical formula: 


T= 2а | — _ mass 
restoring force per unit displacement 

and then verify it»practically by means of a helical spring. But no 
suitable spring was available, so was the verification left out? No, 
a reel of bare copper wire, gauge 20, was available, and about 20 cm. 
length of tightly touching turns Were wound on to the upright of a 
retort-stand. The ends of the spring thus obtained were bent into 
à suitable shape with pliers, and the spring, loaded with a 100 gm. 
mass, was found to oscillate with a period of 0:75 seconds. The force 
per unit displacement was found by measuring the increased exten- 
sion when the load was increased from (100-5) or 95 gm. weight to 
(100 + 5) or 105 gm. weight. By substituting in the above formula, Т 
for a 100 gm. weight was found to be 0-67 seconds. Why the dis- 
crepancy ?—It was due to the mass of the spring, of course! By weigh- 
ing the spring (51 gm. weight) and adding the proper fraction, namely 
one-third (17 gm. weight) to the 100 gm. weight, the calculated and 
theoretical values both came to 0:75 seconds. Very satisfactory! 

Ideas breed ideas, and the construction of one piece of apparatus 
soon leads to the designing of others. Undoubtedly the best way of 
obtaining ideas is to look through the pages of the many excellent 
journals and books that deal with apparatus and model making. We 
need not always follow an author’s instructions exactly; we can adapt 


his methods to suit the materials and tools that we have available.* 


Is it a duty to make apparatus? 
ratus? We are paid to teach 


Why should we trouble to make appa 
Physics; not to work as craftsmen; is not manual work beneath our 
dignity? Besides, we cannot spare the time: our time-table is just as 


full as that of our colleagues teaching geography or languages. Let us 
deal with these objections one by one: 


or craftsmen? — Physics is à 
ds, eyes and ears as well 


dix B, Section 3, page 338. 


Teachers of Physics, ‘discipline’ that 
provides training for the han as for the brain. 
* Books that help to provide ideas: see Appen 
Materials: see Appendix D, page 347. | 
Tools, including glass-working tools: see Appendix D, page 348. 
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How can a teacher train his pupils properly if he refuses to practise 
what he teaches? He should be constantly looking for new and better 


structions, and the best way of knowing how is to be able to do the 
job for himself. 

If money is scarce, he will have to m 
to afford to buy such common labo 
thermometers and stands, that he can 
unlikely event of money being ple 


Is manual work undignified? — The following is an extract * fromi 


hem in an oblong form which, accord- 
Ing to the received laws of Refraction i 
circular... , 


We may read Faraday's diary t for the Year 1831 in which he 
describes the experiments by which he discovered electromagnetic 
induction, and made the first dynamo for the generation of electric 
current. His apparatus had to be made in his own laboratory; there 


* See Newton and the Origin of Colours, M. Rob 


and ti P erts and E. R. Thomas (Bell). 
See Faraday's Discovery of Electro-magnetic Induction, T. Martin (Arnold). 


==» 
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was no other way. The road to knowledge by construction and 
experiment was good enough for Newton and Faraday, for J. J. 
Thomson and Rutherford, for Millikan and Michelson, and for 
many other great scientists tle world over; is it not good enough 


for us? 


Insufficient time? — There is some substance in this complaint. 
Principals and directors of schools should realize that their science 
staffs must spend time in preparation of apparatus, and, provided 
the time really is so used, make suitable allowances for this in the 
time-table. A scientist should have a somewhat smaller programme of 
actual teaching periods than his colleague teaching history or lan- 
guages. Again, adequate laboratory assistance should be provided: 


a point to be discussed later in this chapter. 


Buying apparatus 
Five lists of tools, materials and apparatu 


pages 347-62. 
List 1. Materials (metal, wood, rubber, glass), pages 348-9. 


2. Tools, pages 347-8. > Р 
3. Further items, that may perhaps be obtainable locally, pages 


350-1. 4 
4. Essential laboratory apparatus that may have to be imported 
from overseas sources, pages S rS 
361-2. 


5. Chemical substances, pages o р 
s which every pre-university physics labora- 


Larger pieces of apparatu ‹ 1 > 
tory should have, but which may either be improvised, or, for the time 
being, done without, are indicated in the lists. Extra items, some of 


Which most teachers would like to have, may be slowly collected 


When, if ever, there is а surplus of money available. 


The ‘essential’ items are contained in Appendixes D and E; others 
ded as ‘essential’. However, it must 


may be useful, but are not regar sential’ i 
be confessed that the word ‘essential’ is being misused—there is not 
one single item in these lists that is really essential, in the sense that the 
Physics teacher cannot teach Physics unless he has it. These things are 
‘essential’ in the sense that the school authority ought not to question 
the teacher’s request for them in adequate and moderate quantity. 
They are ‘first priorities’ ; but if money is not available for all of them 
at once, they must be collected over a period of years, and meanwhile 
physics teaching must proceed without them. 

Compared with his chemistry colleague, the 
disadvantage that much of his apparatus is larger, 


s are given in the Appendix, 


physics teacher has the 
more complicated 


recommended, 


Glass tubing, however, should normall 
because, naturally, the resistance glasses a 
they require higher temperatures; in fact 
pipe for the bending of large-size tubing 
of glass tubing should be stocked. Two 


used for the inner Pot of a Daniell cell! Ordina 


also be used, or glass jam-jars if available, or a beer-bottle with the 
top taken off. 


Density (specific &ravity) bottles are easily broken, and, unless care- 
fully treated (page 125), the Stoppers stick. A few are required for 
Occasional use by senior students, but for junior work any small 


* For example, ‘Monax’, ‘Pyrex’, ‘Hysil’, ‘Phoenix’, ete, 
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bottles may be used as substitutes if the more obvious precautions 
are taken. 


Stands, clamps and bosses should be strongly made to withstand con- 
stant wear; rripods should be &olidly made and not ‘spidery’. 


Lenses and mirrors that do not give clear images represent money 
wasted, or worse than wasted since they discourage and exasperate 


all who try to use them. Good quality is essential. 


Magnetic compasses of the cheap, glass-pivoted type are also worse 
than useless; good’ quality compasses with agate pivots should be 


purchased. 
If necessary, we must buy less apparatus, but we must take care 


that what we buy is good. It is cheaper, though not always financially 
Possible, to buy durable articles, such as beakers and flasks, by the 
dozen or еуеп {һе gross, and to lay in a stock for several years. 


Rubber. This advice does not, however, apply to items containing 
rubber (nor to glass tubing, as mentioned above), which keeps well 
in a moist climate but deteriorates very rapidly in countries having 
à season of hot dry weather. Frequent purchase of small quantities 
of rubber tubing is necessary, and, as stated on page 347, rubber 
tubing may be replaced in tropical countries by tubing made of 


plastic materials. 

Stainless steel articles are preferable to those of ordin 
are ultimately more economical. 

Corks: orders for ‘assorted corks’ or ‘assorted rubber bungs' are 
satisfactory when a laboratory is being started, but subsequently it 


will be found less expensive to specify the exact sizes required, other- 
Wise a surplus of comparatively useless sizes may be accumulated. 


f beam balance weighs accurately 
needed in a physical laboratory. 


ary steel; they 


Balances: a robust ‘students’ type’ © 
to two places of decimals—all that is 
Ordinary weight boxes containing gram weights in brass and frac- 
tional weights in aluminium, and made of plastic material, are satis- 
factory. Some teachers may prefer the type of balance that carries a 
sliding rider of weight one gram (‘monorider’); these are somewhat 
more expensive, but avoid the need for any fractional weights at all. 
The more complicated and costly ‘duorider’ type is not necessary. 

The question of size — It is wise to avoid stocking too many different 
sizes; thus beakers in sizes 250 and 500 millilitres,* and a smaller 
* Cubic centimetres and millilitres: see the note at the end of this chapter. 
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number of 100 and 1000 ml., are all that are 
other sizes are catalogued. A standard diam 


» Since only one size of holder is 
then required. When ordering flasks. rubb 


er stoppers to fit them 
should also be ordered. 


What to buy? — А good general rule is to s 
for imported apparatus on: (a) first, and obvi 


one or two experiments only (for example, a spectrometer, Searle’s 
conductivity apparatus 


Buying apparatus: how to buy 
The physics teacher normall 


pen Insist on the 

ine € should not Consent to being 
tobba off with something unsuitable just because it happens to be in 
stoc 


Gas — Similar remarks а 


= Pply to gas fittings: bunse 
etc., intended for use wit 


ns, blow-pipes, 
h coal-gas are useless for p 


etrol-air, Exact 
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details of the type of fuel-supply, and of the purpose for which the 
fittings are required, should always be given if there is.any doubt at 
all as to whether the order will be correctly interpreted at the receiv- 


ing end. 2 


Chemicals — Indents (i.e. orders) should contain emphatic instruc- 
tions that all hygroscopic, deliquescent or volatile materials must be 
despatched in well-sealed glass vessels (not tins), in the smallest con- 
venient quantities per container. After extraction of any part of the 
contents, such bottles or jars must be carefully sealed again, by the 
application of paraffin wax, or the use of a rubber stopper. Ammonia 
of S.G. 0-880 is not required in a physical laboratory (and probably 
not in a chemical laboratory either) and it should never be pur- 
chased. Tropical temperatures cause ‘880° ammonia to be unsafe: 
for example, a certain chemist lost the sight of one eye when ‘880° 
ammonia he had just poured into a flask blew up into his face. 
Ammonia of S.G. 0-960 should be ordered; when it is opened the 
pressure should be released slowly, with the stopper and top of the 


bottle wrapped in a duster. 


Each science teacher should be granted an ade- 
quate allowance of petty cash, obtainable on demand, for the local 
Purchase of cotton, matches, drawing-pins and the hundred and one 
everyday items that a laboratory requires. Regulations sometimes 
make it easier to purchase a spectrometer than two dozen screws. 
Unless the amount on any one occasion exceeds, say, £1, the science 
teacher's signature on a list of articles bought should be considered 


Sufficient, 


Local purchase — 


Storage of apparatus 


Designs for benches, store-rooms, etc., 
Chapter, 


are given in the next 


aboratory, in pupils' ben 1 с 
Storage Suae E ырш for unauthorized meddling, 
and tend to become dumps for waste paper. Therefore they should be 
Omitted, with a resultant increase in lightness, comfort and venti- 
lation, This rule does not necessarily apply when the benches are 
Wide, but used on one side only; then the side facing the demon- 
Stration bench may be fitted with drawers. 
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perforated 
——байеп under 
table top 


X table top 


FIGURE 9,—A method of storing retort stands under a table or bench top. 
B = base of stand. (The upright rod passes through two circular apertures) 


FIGURE 10.—A method of storing retort stands under a Shelf. 
B = base of stand, S = slotted batten 


Figures 9 and 10 show possible ways of storing retort Stands in a 
bench or under a shelf in order to 


save floor space. 
(2) Cupboards and drawers in s 
laboratory do not suffer from 
connexion with pupils’ benches 


ide benches along the walls of the 
any of the drawbacks mentioned in 
» and a large part of the laboratory’s 
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boards should be 


apparatus may be stored in these. One or two cup 
metre scales, etc. 


very long, say six feet, for the storage of glass tubing, 


rotected, collect dust and dirt in large 


(3) Wall shelves, open and upp 
d. A possible exception is a small rack 


quantities and should be avoide 
for bunsen burners, Figure 11. 


FIGURE 11.—A wall rack for bunsen burners 


(4) Cupboards, against the wall, that can be closed and locked, are the 
rt of a laboratory's apparatus. To 


Usual means of storing the main pa 1 Г 
Save floor space they should be shallow and tall, right up to the ceil- 
ing if that is not unusually high. A depth of 9 inches is sufficient. 
Shelves should be adjustable so that tall items, for example, gas laws 
apparatus, can be stored. Potentiometers and metre bridges should be 

Ung vertically in rows, from the bottom of the shelf above. Balances 
Without cases) can also be placed in wall cupboards at a height suit- 
able for pupils, for use without being removed. 
e 150) — This should have drawers 


апа cupboa th sides, thus nearly doubling the available 
Storage space Poe one need not be divided in the middle. 
Normally these drawers and cupboards are fitted with. locks, and in 
them the master keeps his own special apparatus, and items that are 
easily lost or broken. Some drawers should be shallow (2-inch) 

and baize-lined; fragileapparatus like thermometers and lenses N-S 
тау be kept in these. Bar magnets, stacked side by side, may S-N 
also be kept in shallow drawers. Magnetic compasses and N-S 
Magnetometers should be turned upside down so that the 

agate pivot of the magnet does not wear on its needle point; however 


T.P.—K 


(5) Demonstration bench (see pag 


124 THE LABORATORY AND ITS ORGANIZATION 


the north poles should still point a 


pproximately northwards to pre- 
vent reversal of magnetization. 


(6) Storage rooms — As suggested in Chapter XII, there should bea 


small but well-ventilated Storage room opening into each laboratory. 
This should have benches, against the walls, fitted with drawers and 
cupboards underneath. The walls may be fitted with shelves, since 
dust and dirt do not give nearly so much trouble here as in the main 
laboratory, because the door is kept shut and the room is not in con- 
Stant use by pupils. Nevertheless, cupboards are preferable in places 


be a nuisance. 


, Such 


pes, and many other speci 
such a cupboard. 


Arrangement — First, all the apparatus most frequently wanted 
Should be grouped togetherin the most accessible places, for example, 
EE Scales, bunsens, tripods, Bauzes, beakers, connecting wire, 

С. 

Secondly, the apparatus should be arran 
subject headings: 
‘electrostatics’, H 
labelled with a 


p ged in cupboards under 
mechanics’, ‘heat’, ‘light’, ‘sound’, ‘magnetism’, 
current electricity’, The cupboards should be clearly 
brief indication of the contents, 


‚ added the rapidity of met 
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accurately ground surfaces. To these pests must be 
allic corrosion and deterioration of glass- 


Ware caused by the prevailing high temperature. Frequent high 
humidity, combined with changes of temperature, causes plentiful 
condensation on apparatus, which increases the rate of corrosion and 
general deterioration, especially if dirt is present; and even human 
perspiration plays its part in increasing humidity. A wet season in the 
tropics can be a very trying time for anyone in charge of a laboratory. 
Materials perish, papers stick together, instruments rust, specimens 
во mouldy, lenses develop fungus, insects continue their endless work 


of destruction, and so on. Whatever can be kept in an air-tight con- 
tainer should be so kept. Glass jars, such as specimen jars with lids 
d bottles, such as those which 


well greased, are ideal. Screw-toppe 
have contained sweets, are very useful. Metal containers, such as 
biscuit tins, cake tins, etc., can be rendered fairly air-tight by strap- 
ping the joint between the lid and container with insulating tape. 
Needles can be inserted in а piece of material into which some 
vaseline has been rubbed. Metal instruments such as screw gauges, 


Vernier callipers, tuning forks, etc., should be kept greased. The 
nd clamps should be oiled fre- 


Screws of retort-stand bosses, rings à Я r 
quently, The metal parts of tools should be rubbed over with an oily 
rag—in fact, all iron and steel must be kept oiled and greased, except 
for items such as retort stands that may well be painted. Copper and 
brass articles must be kept bright by the regular use of metal polish. 
The taps of burettes should be lightly smeared with grease. To pre- 
vent glass stoppers of bottles (including density bottles) sticking, the 
stoppers should be greased and a thin strip of paper should be 
Inserted between the neck and the stopper- Bottles containing solu- 
tions of soda or caustic soda should have the glass stoppers replaced 
by rubber bungs. Paste, gum and glue should contain some chemical 
to make them repellant to insects. Such adhesives are sold specially 
Prepared for the tropics. But, if the teacher makes his own, the addi- 
tion of a very small quantity of a solution of mercuric chloride, 


during the preparation, iS generally effective. 


which etches the 


Labels on bottles: Ungummed labels should be used and stuck on 
With gum or glue; they should then be covered with molten paraffin 
Wax painted on with one stroke of à flat wide brush. The wax should 
be really hot, so that it is just beginning to smoke, A quicker and 
neater method is to cover the label with one of the transparent 
Adhesive materials known Бу various trade names such as 'scotch 
tape’, ‘sellotape’, etc.; but this cannot be guaranteed to last for more 


than a few months. 
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Rubber tubing, ebonite and similar articles 
temperatures and in bright light. In advers 
will not last as long as six months. Rubb 
be stored in dark well-ventilated cupb 
dusted with *French chalk’, or alternativ 
lubricants may be used. Another method 
‘keeping’ properties of kerosene vapour; 
tubing, etc., is placed on perforated shelves i 


Steam-can through it, but the rubber loses its 
Suppleness again after a few hours, 


€ room for the Weight box inside the 
balance case, These cases Should be Purchased with the balances if 
they cannot be made in the sch 


Of a case need contain glass, 


example, when s 


necessarily: for 
suitable, 


measuring cylinders аге just as 


Sinks, water and gas 


faps, and electrica] Supply 
good working order, 


Points must be kept in 
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Accumulators must be kept charged and topped up regularly with 
distilled water or boiled rainwater according to the maker's in- 
Structions. With care, they last in constant use for many years; 
without care they become useless in a few weeks. 

To end this section where we began, ‘The mere cleaning...’ 
ot be allowed to occupy space in cupboards. 
It should be repaired; or failing that, the usable pieces should be 
detached and stored ready for using again later, while the useless 
parts are put in the rubbish box. A broken, useless piece of apparatus 
is a standing reproach to the physics teacher until he does something 
about it—repair, dismantling or disposal. Broken glassware, bits of 
wood, paper, rubbish of any kind, must not accumulate in the backs 
of cupboards, or in any corners, nooks or crannies of the laboratory. 
It is a bad example to pupils, who cannot then be blamed for being 
as careless as the teacher appears to be. Working in a mess and 
muddle is not conducive to good experimental investigation. In this, 
as in all else, the teacher must set the example. ‘An unorganized and 
untidy laboratory tells at once that the responsible teacher is 


inefficient.’ * 


Broken apparatus must п 


e 


harge to pupils who accidentally 
en—witness Boyle’s assistant, 


Breakages 


Most schools make no breakage с 
destroy apparatus. Accidents will happ 
who dropped and broke the first J-tube Boyle made to test the effect 
of pressure on gases. But gross carelessness and deliberate disregard 


of instructions given should be punished in some way, preferably in 
a fashion that leads to loss or inconvenience on the part of the pupil 
fit the crime’. The obvious 


concerned—‘letting the punishment 

Method is a fine collected on the spot, out of pocket-money. Such 
Sums are usually used as additions to petty cash. Or a practice 
common in universities could be adopted—on starting a course each 
Student pays a sum of money as à deposit which is returned to him 
Оп completion of the course, less any fines due to deliberate maltreat- 
Ment of apparatus, or gross carelessness. But in many schools a 
System of fines is impracticable and other methods may have to be 
devised, If the apparatus can be repaired by the pupil, he should do 
50 in his own time. As a general rule, however, punishing culprits by 
making them do various laboratory jobs is not necessarily a good 


idea, because it may instil the opinion that working in a laboratory 
k that ought to be avoided. 


is a degrading and slightly criminal tas i 
If breakages are more than can reasonably be attributed to ordinary 


* Westaway, Science Teaching. 
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mischance, the teacher concerned 

is not to some extent responsible. 7 

(а) Is his own technique all that it should be? Is he Setting a good 
example in: (i) his handling of apparatus 
the clarity of the instructions he gives; (iii 


should consider whether he himself 


apparatus, are the cupboards filled With a 
of mixed-up, smashed and useless Pieces? 
(b) Is he sufficiently encourag; 


Some further su 
(с) To arrange ano 


Laboratory assistants 


For an actual example of a list of duties made 

assistants in Опе particular School, see A 

The duties of a full-time labo 

ПРЕ Putting out ready for use 
members of the class, 

2. Helping the 


| Up demonstration 
experiments. 

3. Helping with the Construction and repair of apparatus, under the 
direction of the teacher, 


4. Cleaning and 


polishing bench tops, and Seeing t. 
of all fittings. 


9 the maintenance 
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5. Unpacking, checking and storing new apparatus on arrival. Pack- 

ing and despatching of apparatus sent away for repair. 

6. Keeping a stock-book and a record of breakages. 

At all times, but especially during holiday periods: cleaning of 
sinks and drainage. Inspection of gas and water taps, freeing stiff 
ones, clearing small apertures, and replacing washers where neces- 
sary. Thorough polishing of bench tops. Cleaning out cupboards 
and drawers. General overhaul of apparatus that has been in use, 
to see that it is ready for the coming term. 

If no laboratory assistance is provided, the above duties either have 
to be done by the physics teacher, or they are not done at all. If they 
are not done, practical work will be messy, inadequate and time- 
wasting, to the frustration of the pupils. When the teacher does them, 
then he has less time for the planning and execution of his work, and 
can give little individual attention to his pupils’ difficulties; more- 
Over, spending his time on dusting and bettle-washing and polish- 
ing, he may reflect that his training, energy and teaching abilities are 
being wasted; and this will not improve his morale. Also, the 
authority employing him is wasting its money; it is not making full 
and proper use of the talents of its science staff. A report published 
in England,* states: ‘The Sub-Committee is convinced that the 
absence or inadequacy of laboratory assistance is always wasteful and 


uneconomic, but it does not wish to imply that its provision in proper 
enditure. What it does main- 


Measure would mean a reduction in exp 
tain is that the further expenditure would yield a more than propor- 

tionate return in increased efficiency.’ 
How many laboratory assistants does a school need 7—Тһе report 
in schools in 


already quoted contains the recommendation that, | 
th-form work is done (i.e. pre-univer- 


Which a ‘normal amount’ of six \ ‹ 
Sity work), there should be one full-time assistant to each 150 pupils. 
This is for all science subjects, not for Physics alone. : 

How much should a laboratory assistant be paid? Conditions vary 
50 widely that no generally applicable scale can be given. The report 
mentioned above gives a possible salary scale for schools in England; 
from this it would appear that a full-time man employed as a 
laboratory assistant should be paid on а graded salary scale amount- 
ing to about half of that received by а senior member of the science 
teaching staff. Of course, in a large and well-equipped school, à 

laboratory steward’ in charge of several laboratory assistants may 

Well receive considerably more. In fact, a really good ‘steward’ will 

have to be paid more if there is to be any chance of keeping him. 
Masters’ Association—ZInterim Report on 


* 
A sub-committee of the Science 
Laboratory Assistants. (See footnote, page 130, for later report.) 
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This raises the question of different kinds of laboratory assistants. 
Of these there is an infinite variety, but perha 
(1) The senior man, the well-t 

steward in charge of several a 
tories. Obviously he is to be found 
(2) The ordinary laboratory assistant who a 


s under (2) above, about encourage- 
course at a technical college, also 
apply here, 


If an assistant is employed, some sort of laboratory Workshop, not 
à class-room, should be provided for him. As a minimum, this need 
of his own, Properly equipped With gas, water 
and electricity in so far as they are available, in the laboratory Storage 
Toom. His tools need not be more than those in the basic list given 


in Appendix D, page 348, but may be increased according to his skill 
and the money available, 


* Any 
tion from: (a) Re, 
price 15. 2d., obtainable from the Li rarian of the Science Masters’ А, 
Е, • loore, Esq., The Gra а і i 
England; or 
Syllabuses in miscellaneous Subjects, Obtainabl 
Guild of London Institute, 


‚ from City and 
| 31 Brechin Place, London, S.W.7, England; this 
Contains 20 pages of detailed syllabuses, 


c 
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Lastly, if the school cannot, or will not, provide a laboratory 
assistant, we must not despair. More use must be made of pupils; 
they should get out and put away the apparatus they use, and do any 
necessary washing and cleaning. The time spent on this work cannot 
be Spent on ‘academic’ learning, but it is very good practical training. 
Again, in the senior classes there are almost certainly a few pupils 
who are only too pleased to stay behind and assist with the construc- 
tion, maintenance and repair of apparatus. They should be treated as 
friends and equals (as indeed must full-time laboratory assistants, if 
they are to be retained!), and the teacher will have to do a full share 
of the less desirable tasks himself. Still, working together like this, he 
will get to know a few of his pupils, their hopes and difficulties, in a 


ч 


way that is not otherwise possible. 
ilitres ті.) — The chemist measures 


Note on cubic centimetres (c.c.) and milli The chet г 
volume in millilitres: beakers, flasks, etc., are sold in millilitre sizes. The 
Physicist still uses cubic centimetres. Of the two, the chemist is more 


advised to continue to use the си tre. 1 
d millilitres should be explained 
The essential facts are 


as follows: 
by definition, 1 metre — the distance between two scratches on a platinum 


bar kept at the Bureau of Metric Standards, Paris. 


1 cm. = 10 metre, 
with 1 cm. sides, 


one cubic centimetre of 
and one kilogram was 
defined to be 1000 gm. But this definition of the gram was not practically 
i 7 platinum (also kept in Paris) was 

the mass of 1000 c.c. of water 


mum density. 
d the litre is 


Thus, (i) the difference betwee i Y ` 
rking to the very highest 
the fact that the volume 


of one cubic centimetre depends fundamentally upon the length of the 
llilitre depends on th 
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r example, a teacher discovered that it was 


planned to put as many taps and sinks in a new physical laboratory 
as Were put in a similar chemical laboratory; he was able to protest 
at and stop this foolishness, айа a considerable amount of money was 


Saved in consequence. 


money may be saved; fo 


Size and number of laboratories 


Ideally it would be best to build laboratories 
twenty pupils, whatever their age. In practice, schools are frequently 
80 short of staff, money and equipment, that they have to consider 
What are the maximum numbers of pupils of various ages who can 
reasonably undertake laboratory work in one class under the super- 
Vision of one teacher. We may well decide that thirty is a reasonable 


number of junior pupils (say, UP to the standard of syllabus ‘A’, page 
, twenty middle-school 


227) to һауе“іп the laboratory at one time 
iors (syllabus “С”, page 


Pupils (syllabus ‘B’ level, page 267) or fifteen seni 
291). If we accept these figures, We must plan ‘large’ laboratories 


to hold thirty pupils, while smaller advanced laboratories may be 
planned to hold fifteen. Of course, if we have large numbers of senior 
Pupils (which is rarely the case) we could have them in laboratories 
to take any number up to one hundred or more, as is done in universi- 
ties, but then we must have more than one teacher or ‘demonstrator’ 
Present, at the rate of one supervisor to every fifteen students. 


For classe i laboratory floor area is about 
s of thirty the necessary ta oratory › 
00 square feet, so the dimensions e 42 feet by 24 feet * if of 


would b 
the traditional long shape, or 33 feet by 30 feet if more nearly square. 
he size of an ‘advanced’ labor: irely on the numbers 


atory depends ent 
Of pupils and teachers who Wi me; 500 square feet 


Il use it at one ti 

Would be suitable for fifteen pupils and one teacher. ` 
In order to decide upon the desirable number of each kind of 
Physics laboratory, we must find out how many physics periods per 
Week (for all classes) are to be taken in them. The laboratories should 
€ free for preparatory work for а reasonable proportion, say one- 
tenth, of the time, so we multiply the total number of physics periods 
Per week by 42, We then divide this number by the number of class 
Periods per week allowed by the time-table, and thus, theoretically, 
arrive at the number of physics Jaboratories required. In practice, 1t 
15 not so simple, because the result of the sum may be, perhaps, 1:43 


rnal measi 


to take no more than 


* ; 

fo; All dimensions quoted are inte T OSA Ido 

co, а large laboratory, but it is the the “unt in the standard 

onstruction ога югу» rooms and other buildings ш many parts of the world. 

ndith of 26 to 30 feet (i.e. between d 33 x 30 feet) is better, 
is not always economically possible. 


Sometimes Tooms intendeg for the 
are arranged оп опе fl 
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be at the top of the building!). In this case, the best arrangement is 
that shown in Figure 12; this is better than putting the laboratory and 
the lecture room next to each other and the store room at one end, 


о 


veranda 


Physics Store and Main. 
Lecture room Workshop Physics Laboratory 


veranda 


prc URE 12.—A possible arrangement for a school Physics department. (The 
*cture room may be darkened for the use of projection apparatus and for 
advanced optical experiments) 


With the result that supplies from the store have to be carried along 


а Corridor. 
Figure 13 shows a possible arrangement of a science block, on one 


E 


FIG URE 13.—A possible arrangement of three laboratories in a school science 
department 


H 


veranda 


veranda 


floor only, for a school that is to have three science laboratories with- 
Out separate advanced laboratories and lecture rooms. 


The lay-out of a large laboratory 


Laboratories vary in shape from a s 
toa rectangle oF shape S by 3 units (say about 42 x 24 ft.). Any pro- 
Portions within these limits are suitable, although the author prefers 
a 5 by 4 shape (say, 36 x 28 ft.). The brief remarks about lay-out 
that follow aredntendedito apply even if the shape is 5 x &k 

Figure 14 shows the way in which most rectangular laboratories 


are arranged, Figures 15 and 16 show alternative lay-outs. 


quare (length of side about 32 ft.), 
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platform 

blackboard | 

FIGURE 14.— The usual lay-out of a main Physics labor. 
S — Sink 

(The unshaded parts of pupils’ benches may be movable) 


atory 


Comparin 
(1) Pupils are more readil; 


» the teacher can more easily see 
what each pupil is doing. 


(3) Both blackboard and demons 
(4) When the teacher is demonstrating, 
` of pupils. With the arrangement of 
Most cases, fo: 
towards the c 
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platform 


E 


blackboard s. 
FIGURE 15.—A recommended lay-out for a school Physics laboratory, with 
the blackboard on a long wall 
(T S — Sink 
WO or three pairs of pupils may work at each bench. The unshaded parts of 
the benches may be móvable) 


demonstration bench 


platform 


BERN us 
for the school Physics laboratory 


FIGURE 16.—Another possible lay-out 
— Sink 


(Two or three pairs of pupils may work at each bench. The unshaded parts of 
the benches may be movable) 


[s] demonstration bench 
Platform 
blackboard. ^ 
EAM 
FIGURE 17.—A different arrangement for the Physics laboratory 
S — Sink 


= position of four-way Bas taps 
d parts of Pupils’ 
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riding importance. Maximum possible ventilation is necessary in the 
tropics, and this may best be obtained by having the length of the 
room at right angles to the direction of the prevailing wind, so that 
windows along the two long sides give a maximum of through 
draught. The arrangement of Figures 15 апа 16 cannot be used where 
there are windows along both long walls. The glare from windows on 
the same side as the blackboard often makes the writing on the latter 
impossible to see. The transverse lay-out being rejected, then the single 
benches of Figure 14 are preferable to double benches parallel to the 
blackboard. Another possibility is shown in Figure 17, with two 
double benches at‘right angles to the board. This gives the teacher a 
clear view of each bench, and the pupils are reasonably accessible 
to him, but other disadvantages overcome by the methods of Figures 
15 and 16 remain. Further, pupils have to turn sideways to the 
teacher, and have nothing on which to rest either their backs or their 


fronts! 
However, the argument tha 
throughout and be at right an 


t both /ong sides must have windows 
gles to the direction of the prevailing 
wind, is open to doubt. Sometimes, especially for laboratories in 
Isolated units, it may be possible to have both short sides filled with 
Windows and the laboratory placed so that these sides are at right 
angles to the wind direction. The draught (air current) per square 
metre is then just the same as in the other arrangement. This is 
evidently a matter for consideration and research. The arrangements 
of Figures 15 and 16 are better on all counts except the most important 
one— ventilation. In certain cases these arrangements may be com- 
bined with good ventilation, but it seems that a lay-out similar to that 
of Figures 14 or 17 must more frequently be adopted. 


Ventilation: some other considerations 

Heat and humidity are two adverse conditions we have to do our best 
to alleviate. Ideally, rooms in the tropics, including laboratories, 
Should be surrounded by a six-foot verandah on all sides. Failing 
this, a roof overhang of not less than four feet is desirable to keep the 
direct heat of the midday sun from striking floors and vertical walls. 
A verandah or roof overhang is also а protection against driving 


rain, 

Uncomfortably high humidity is certainly the greater problem. In 
a dry climate, much higher temperatures can be endured without 
undue discomfort. Ventilation is, of course, a matter for class discus- 
Sion, and, as always, the teacher should begin with what is close at 
hand; he may therefore take the ventilation of the laboratory as an 
example. Pupils may be asked to criticize the system and suggest 


T.P.—L 
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possible improvements. Breathi 


ng and sweating, they should realize, 
quickly cause the air to become 


saturated with water vapour, and this 
makes the room feel close and stuffy. Warm, moist air (being lighter) 


is naturally pushed upwards by cooler drier air, so ventilation without 
draughts is impossible. One problem in designing a laboratory, or, 


indeed, any building, is to ensure that fresh air is diffused without 
giving rise to uncomfortable draughts. 


Provided that they are not likely to be struck b 
a storm, permanent louvers may be fitte 


an be contemplated, the installation of a 


series of fans, is 
oes not make an 
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ocal craftsmen; and thought and research 


better than those of 1 
itional methods of con- 


Should be given to the possible use of trad 
Struction. 


(a) Wallsand frame 
permanent, is cement, the 


» 
vork — The obvious material, high in first cost but 
blocks being made on the site. Another 


possibility where a Public Works Department has a large number 
of buildings under construction, is the use of standardized steel 
frames with thin walls of cement block.* This has the dis- 
advantage that the usual width of the framework of the building 
seems to be 24’feet, admittedly adequate for class-rooms but not 

if the saving made by the 


the best for a laboratory. However, i 
use of the frames is considerable, the 24 feet width must be 
burnt bricks from local clay may be 


accepted. In some districts, 1 : 
available. Stone is excellent of course, especially in appearance, 
but the necessary blasting, cutting and trimming make its use 


expensive. 

(0) Roofs — Thatch gives the coolest working conditions, but is in- 
flammable, needs annual repair or replacement, and local types 
may not be waterproof. Wooden shingles are satisfactory fora 
limited period. Corrugated galvanized iron sheets are very ugly 
and thunderously noisy in heavy rain but are relatively cheap, and 
more or less permanent if painted—the paint also ameliorates to 
some extent the unpleasant appearance. Tiles, when obtainable, 
fulfil all utilitarian and aesthetic requirements, but may be expen- 
Sive and need stout trusses to carry their weight. Steel roof frames 
need no attention; preserved timber trusses are also satisfactory, 
and will usually last indefinitely in cement buildings. 

ion. Plaster-board or wall- 


(с) Ceilings are essential for heat insulati о 
board are suitable materials, and there should be a good air space 


between ceiling and roof. d Y 

(4) Floors — Proofed timber is better in appearance and less tiring to 

the feet, but concrete is permanent, more rigid and less expensive 
both in first cost and in maintenance. 

(€) Doors — Internal doors should be about 3 feet wide, flush, of 

44 feet wide, with small 


proofed timber; external doors double, 


glass panels in upper half (large panels are dangerous unless pro- 
wards to the verandah. One pair of 


vided with bars), opening out a i 
such doors is sufficient for each laboratory, provided there is at 
least one ‘internal’ door as well. Secure locks and fastenings for 
doors (and windows) should be provided, to guard against theft. 


MS for example, Standard Construction for Schools, H.M.S.O., London, 
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Each door should have 
it back when required. 

(f) Windows — The windows should have Steel frames 
wards. (See also pages 139 and 140.) 

g) Drains — The positions of furniture and 

d, and shown on the plans, bef 


a fixture firmly fastened to the wall to hold 


and open out- 


only on the side benches. No floor-chann 
fore, except for the demonstration benc 
sinks on side benches can 
drainage channel. 


Good drainage is everywhere accessible, Pipes should be as 
straight as possible and arranged so that blockages can be cleared 
by stout Stranded ‘wires ‘pushed through. 


Lighting 


be arranged to go Straight to an outside 


Ореп outwards) nor that of 
diffused daylight. 

Direct sunlight havi 
maximum of reflected light 
the blackboard is Situated: 
and the ceilings of the veranda aves, should be painted 
white. The wall on which the blackbo 


- Hence the walls 
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to be fixed against the walls, the distance between floor and win- 
dows should be at least four feet so as to allow wall space above 
the bench tops for the fixing of services. 

(b) Artificial light — The British Ministry of Education lays down cer- 
tain standards of lighting, including a minimum desk illumination 
of 10 lumens per sq. ft. This is equal to the illumination produced 
оп a surface 1 foot away from a source of 10 candle power (per- 
haps 8 or 9 ordinary candles, since the ‘standard candle’ is rather 
less powerful than a present-day domestic candle). If we work at 
night, therefore, the lighting of the laboratory or class-room 
should be such that the least favourably situated pupil has this 
amount of illumination at his desk or bench. We are hardly likely 
to achieve as much unless an adequate supply of electric current 
is available for lighting purposes. If electricity is available, and 
the ceiling is fairly low, not more than 10 feet above the floor, the 
best type of fitting for tungsten filament bulbs is probably opal 
bowls fitting flush on to the ceiling, removable by operating a 
small lever attached to a plate screwed to the ceiling. An adequate 
number of such fittings produce a pleasant diffused light free from 
shadows, Holes, where the wires pass through to the plate carry- 
ing the lamp holder, should be sealed to prevent the ingress of 
insects. However, if the mains voltage is suitable, fluorescent tubes 
are much to be preferred.* Initial costs are greater but running 
costs are less because of the smaller currents consumed for the 
same light output. The main advantage is that the colour of the 
light is better, being much closer to daylight: it blends better with 
daylight, and the transition from day to artificial lighting is less 
marked. The switching should be arranged so that lights can be 
switched on in the darker parts of the room without necessarily 
switching on all the rest. The demonstration bench requires a good 
top light hung vertically above its front edge (i.e. the edge nearer 
the pupils). It should be screened so that its light does not enter 

pupils’ eyes directly. Separate lighting should also be provided 

for the blackboard: this should consist of fluorescent tubes, or 
failing that, filament bulbs supported on fittings attached to the 
wall (or ceiling) above the blackboard. They should be placed 

from 14 to 3 feet outwards from the blackboard, and from 1 to 8 

feet above the level of its top edge, and must, of course, be 

Screened from the eyes of the pupils. These measurements apply 

to fixed blackboards having à height of 3 or 4 feet; more powerful 

lights at a greater distance will be required for very tall boards, or 


* Not everyone, however, considers these suitable for chemical laboratories 
Where titrations will be performed. 
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sliding boards exten. 
(see page 157). 

If the height of the laboratory 
are necessary. 
When there is no intention 


ding upwards more or less from floor level 


is 12 feet or more, hanging fittings 


5 ‚ and fed by rain- 
water from the roof, 

Sinks — Four or five distributed around the side benches are sufficient. 
In addition, one sink Should be fi 


itted on the demonstration bench. 


this sink should have a hot- 
Storage tank, electrically hea 
geyser. Pupils’ benches in 
bered with sinks, 

Sinks may haye either overflow cha 
‘standing wastes’, that is, open tubes 
having holes in the si 


water supply, 
ted, and lagged 
a physical laborato 
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because they are simpler; if the waste 


sink. Standing wastes are better 
diately obvious and can soon be 


Bets blocked the fact is imme 
remedied. 


D 


These need not be elaborate. A single ‘swan- 


neck’ for each sink, with a clearance of 15 inches above the bottom 
of the sink, should suffice. There are three exceptions to this: (i) on 
the demonstration bench a triple fitting, consisting of a central swan 
neck (clearance 18 inches) and two lower side taps, is useful; (ii) one 
Side sink should carry a tall tap giving a clearance of 30 inches for 
easy filling of tall bottles, washing of burettes, etc. ; (iii) the *wash-up' 
sink should have a stout tap, 2-inch bore, of normal domestic type. 

If the supply consists of mains water at a fairly high pressure, tap 
nozzles should not be too narrow, otherwise the jet may make a 
terrific spray and may even cause breakages of glassware. Taps 
(except the *wash-up' tap) should have ridged taper nozzles to take 
Tubber tubing, rather than bulbous ends that tend to split it. If 
there is a fairly good water pressure, and the supply is plentiful, the 
tall demonstration bench tap may be fitted with a 4-inch standard 
Pipe thread so that a metal filter pump can be screwed on directly: 
Such a pump is very useful in a physics laboratory as а quick and easy 
means of producing a partial vacuum. Tt should be made certain in 
&dvance that pump and nozzle are matched. 


Water taps (faucets) — 


Waste disposal 
boratories are concerned, there are no 


:ve chemicals are not used except in the 
d or glazed earthenware waste-pipes 
ement should be fitted for trapping the 
Stray solids—bits of paper. cork, glass, etc.—that should not be 
inks but inevitably do. Overflow traps of the 
] laboratories are, of course, perfectly 
be devised locally: for 
oor and the sinks are 
he windows, the sink wastes can run in 
Pipes as straight as possible to open channels outside. The pipes, if 
blocked, can easily be pushed through with flexible wire or cane. 
Solids in the gutter outside may easily be removed. 

If no mains drainage is available, а satisfactory ‘soak-away’ system 
Сап be provided in the usual Way; the fact that the waste is from a 
Physics laboratory presents no special difficulties. 


lids of all kinds can be put into wooden or metal 


tted to side benches under t 


Solids — Waste so 


` boxes. Four-gallon gasolene or kerosene cans with the tops cut out 


are suitable, especially if painted inside. Baskets should not be used. 


Figure 18 shows a particularly neat method of fitting an easily 
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sink cover with drip hole 


removable panel 
FIGURE 18.—A convenient space- 


waste bax 


Saving position for a waste box 
accessible Wooden waste box under a sink. The sink is shown fitted 

with a ‘sink cover’ with a drip-hole, thus preserving a flush top to the | 
bench when the Sink is not in use. 


Gas supply 


-gas is best, of course, if 
elf-contained generator i: 
ts, for petrol-air ‘gas’, 
£ to the demand anti 


he laboratories, and the 


а main supply pipe and i 
smaller pipes in the usual way. Small portable electrically driven | 
Tners together) are 
i rated from a 
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generators and should be ordered 


manufactured by the makers of the 
nerator installed: advice can be 


to suit the particular type of ge 
obtained from the manufacturers. 


о 
е of the ridged, taper nozzle, not bulbous 
type. Pupils’ benches, in the arrangements of Figures 14-16, should 
have four taps to each bench; these may conveniently be arranged, 
one double tap about one-third of the way along the bench, and a 
second double tap two-thirds of the way along. The taps should be 
fitted towards the backs of the benches (i.e. near the edge away from 
the pupils). Alternatively, to keep the bench tops clear, the top of the 
bench may ‘overhang’ by at least three inches at the ends, so that 
pairs of taps may be fitted under the overhang. The taps should point 
upwards and away from each other, at 45? with the vertical (i.e. at 90° 
from each other). Rubber bunsen tubing is fitted to the taps through 
holes in the óverhanging bench top. This is neat, but the taps are less 
accessible than they are when on the bench top. On double benches 
(as in Figure 17, page 138) the taps are fitted along the centre line of 
each bench. Another system is to fix the taps in holes in the benches, 
fitted with covers, but this makes them even less easily accessible. 
The demonstration bench needs two or three taps, preferably fitted 
under its edge as shown in Figure 21, page 151. (Why is this system 
unsuitable for pupils’ benches?—Because pupils tend to fiddle with 
the taps, or block them up, which the teacher does not!) Side benches 
require pairs of taps, every 7 to 8 feet of Jength. These should be fitted 
d the wall, if they can be made деси n oes E keep the bench 
Clear, 1 should be fixed to the bench top. t. 
If I (uie e generator is available, then methylated spirit 
Or paraffin burners have to be used. These are inevitably more 


troublesome and smoky and do not give a hot flame. Much heat can 
Teadily be obtained from а paraffin burner of the ‘primus’ type, but 
in at any level below its maximum. 


the flame is very difficult to maintai 


Gas taps — The taps should b 


Electricity supply 


Many school physics lab 
electricity supplies for a long Чт. 
made, however, to install electricity 1n а ph 


of cables from the nearest mains supply; rch 
Petrol-driven or other type of generator. Electric power in industry, 


in transport, in the home, in the cinema, everywhere, is à feature 
of the bna world and по amount of book-learning can make up 
for a pupil's lack of experience in handling electric supplies and 


apparatus. 


oratories may be completely without 
g time to come. Every effort should be 

ysics laboratory by means 
or by the purchase of a 
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or 15-ampere power plugs 
bench, and similar plugs at 
Two 5-ampere plugs may be 
preferably under the over- 


i en they are not in use. If a 
lantern, film-strip or film projector is to be used, thought should be 


t. All plugs and sockets should 


Low voltage — The great bu 
volts, that is, the voltage dr 
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demonstration bench (Figure 21, page 151). Sets are required about 
every 8 feet along the side benches. 

A ‘set? may consist of three terminals, 0 — 6 – 12 volts for a 12-volt 
supply, or four, 0 — 6 - 12 — 29, fora 24-volt supply. The supply itself 
normally consists of large lead plate or Ni-Fe accumulators (auto- 
mobile batteries are suitable, preferably 6-volt types in series because 
of greater ease in handling), joined to a charger of the correct voltage. 
The charger need not have a particularly large current output, since 
charging can continue all night if need be. Thus a 5-ampere maxi- 
mum output is quite suitable, even if the current taken from the 


accumulators sometimes exceeds 20 amperes. A charge-discharge 
ammeter is necessary, but an array of meters, although impressive in 
appearance, represents a waste of money. Fuses should be inserted in 
the leads to each bench, but expensive porcelain fuse carriers are not 
required. A simple fuse carrier, made from pieces of bent brass strip 
mounted on wood (Figure 19), is more suitable because the fuses may 


Pf A fuse wire 
а ee © 


a? 


FIGURE 19.—A simple fuse carrier 


be fitted more quickly. Fuse wire should be of tinned copper. The 


fuses and the meter should be mounted on a control panel. 

OF course, if the money is available, it is possible to devise much 
More elaborate low-voltage schemes, with considerable advantages 
in ease of use and variety of voltages. Another useful fitting is a /ow- 
voltage alternating current supply, for example, 2 to 12 volts А.С. 
Such a supply is led to terminals quite separate from those of the 

„С. circuits. Alternatively, various voltages, A.C. or D.C., may be 
Supplied as required to one pair of terminals on а pupils* bench by 


means of plug and socket devices at the control panel. à 
w-voltage wiring at all, is to 


A useful idea, where there is no lo 
mount one, or two, 12-volt automobile accumulators on à trolley. 
This may be wheeled to any required place in the laboratory, and 


back to the charger when re-charging becomes necessary. 


Laboratory benches 


Bench tops — These should b 
similar hard woods, but if suc 


e made preferably of teak, iroko or 
h are unobtainable or too expensive, 
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other timber may be used, provided it is well seasoned. The thickness 


should be at least i inch, but 1 inch is better. The rest of the bench 
may be made of whatever wood i i 


weeks with an ordinary wax polish; this is a job for 
of senior pupils may well be enlisted. 


Н ng in the gaps: or the laborat. 

partially re-arranged to displ, i ае 
Purpose of an *open day’ 
invited to see the school. 


with its useful tall cupb 


> except at the knee-hole, The top 


e ‚ апа this may be 
Ver, and even with folding taps if that 


ided into four 
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FIGU 
RE 20.— > 
20. Demonstration bench. (Ап elevation of the side facing outwards 
to the class) 


h. (An elevation of the 
nd the blackboard) 

sed space about 7 inches 
s and electricity points. 
hallow drawers, baize- 
of equipment such as 
d by: (i) six drawers, 
ard with doors on 
niently use the 
ly above them 


FIG 
URE 21.—Demonstration benc! 
to the teacher а! 
is a reces 
this is for ga 
ken by six 5 
agile pieces 
e is occupie 
helved cupbo 
her may conve 
ts are fitted; immediate 
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are holes in the bench 12 inches diameter. There are two sets of low- 
voltage terminals and two power plugs. For water, one sink, 
12 x 10 x 8 inches external measurements, with double or triple 
taps. One tap has a 4-inch standard pips thread for the attachment of 
a metal filter pump; the other(s) having ridged taper nozzle(s) for 
rubber tubing. 

Both sides of the bench have drawers and doors. Usually these are 
fitted to the blackboard side only, with the result that half the space 
is wasted. This is the most valuable storage space in the laboratory— 


it is under the teacher’s eyes, and objects stored there are instantly 
ready to hand. ' 


Side benches — 'These are usually 24 to 30 inches wide, and under- 
neath have drawers and cupboards (each with one shelf only). The 


window area 


wall area for gas 
or electric points 


(overhang 3") 
о drawer 
(overhang 9°) 


P  cupbeard 
| есеѕѕед plinth 
"S SS SSS S— floor 


FIGURE 22.—The arrangement er daws and cupboards in a side (wall) 
епс 


ct 
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front by 3 inches, and the drawers may also 


overhang (by about 9 inches) to provide knee room for anyone who 
has to sit at a side bench (Figure 22). An overhang on bench tops is 
very useful for many physicscexperiments in which it is necessary to 
clamp apparatus (including retort stands) to the bench by means of 
G-clamps. Two really long (6 feet) drawers are required for glass 
tubing, metre scales, potentiometers, etc. Such drawers tend to be 
unwieldy and to jam unless carefully opened, but their convenience, 
neatness and safety outweigh this disadvantage. Sinks (of which one 
is a large *wash-up' sink), double gas taps, high-voltage sockets and 


low-voltage terminal panels, are fitted about every 8 feet. If possible, 
lied from fittings on the 


gas and electrical services should be supp 

wall just above the bench top. Assmall part of a side bench may be 
Covered with asbestos sheet oT board, and used for glass-blowing, 
allowing 3 feet per blowpipe, if more than one is required. A part of 
а side bench may also be allocated for the,repair and construction 


of small instruments, and this part may have a linoleum top. These 
d the repair of small instruments, 


last two functions, glass-blowing an! 
are normally assigned to the workshop or advanced laboratory 
When such rooms are available. 


bench-top overhangs the 


Auxiliary rooms 
Advanced laboratories — In these rooms fixed side benches, with tops 
inches wide, a 3-inch overhang, and drawers and recessed cup- 
Oards, are suitable (Figure 22). Gas and electricity points are ге- 
Wired about every 6 feet. There should be two or more sinks in a 
room, according to the number of pupils to be accommodated. 
Ovable but solidly made t 4 feet by 24 feet in area 
pf bench top, are most convenient. Tables and side benches should 
have a uniform height of about 3 feet. Gas and electricity for the 
Movable benches may be provided by one of several methods: (a) if 
the laboratory is large, by having а fixed portion of each pupils bench 
to carry the services. as suggested for the elementary. laboratory; (b) 
if the laboratory is smaller. ging à central ‘lighthouse , that 
15, а small fixed table in the middle of the room, the sole purpose of 
Which is to carry gas taps а | sockets and terminals (the 
Movable tables К, be arranged around this as required); (c) by put- 
ting the services under the floor, at they are accessible сш шва 
Small trap-doors, and running а obere) tu bps 
and cables to the benches as required. re wall cupboar x 
Preferably glass fronted, may e provi d to hold apparatus изе 
Mainly in the advanced laboratory: A 


V 
ided, of course. 
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"Store room and workshop — Space may be saved by combining the 
functions of these two rooms. If a laboratory assistant is employed, 
this is his special domain. Here we require side benches, 24 to 30 
inches wide, along the walls of the rooms, with perhaps an extra 
movable table, 3 feet high (similar to those in the advanced labor- 
atory), and a writing table 23 feet high, with a chair. The side benches 
should be fitted with drawers and cupboards. A tall glass-fronted 
cupboard may be provided, and the walls, where there are no win- 
dows, should be fitted with open shelves and racks to hold tools and 


apparatus in constant use. Questions of storage, tools, and the duties 
of laboratory assistants, are discussed in Chapter XI. 


~ Darkroom — The usual tropical problems of excessive heat and in- 
adequate ventilation are met in an aggravated form in a photographic 
darkroom. This room should be in the coolest part of the building, 
for example on the side least affected by the sun, or in a cellar. It 
should not be kept permanently shuttered, so that a draught may 


FIGURE 23.—A ‘no door’ darkroom. (Wall 
black’ surface) 
B = position of benches or tables 


blow freely through when it s and ceiling 
should have a roughened surface and be painted dead black. It is 
then possible to adopt a ‘no door’ arrangement as in Figure 23. Gas 
and electricity should be laid on, and a large but shallow sink pro- 
vided. Shelves should be placed on some parts of the walls (but space 


5, ceiling and floor have a ‘dead 


is not in use. The wall 
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p s for a tall vertical enlarger), and a closed cupboard should 

cns for developers, etc., which are best kept in the dark. 

A rawers are required for photographic paper. 

dithou e с may have to be used for certain optical experiments, 

БЕШ gh these should, if possible, be redesigned so that they can be 
rmed in moderate daylight. Alternatively а darkened "lecture 


room’ mz 
om' may be used for them. 


Lecture r, А : 
ae room (with black-out) — Lecture rooms containing rows of 
seats are going out of fashion in schools at the present time. 


TI i я А s 
he chief reason is that money 25 saved by omitting the lecture room; 
f, not unfounded, that lecture 


Бу reason is the belief, 

PIER encourage lecturing, whereas we should rather encourage 

taint т work and experimental demonstration. This argument cer- 

rv nas some force, and provided the laboratory has an adequate 

esed ш bench and facilities, а lecture,room of the traditional 

est ype may be omitted. 

Де; ures may be going ou 

ational films, film-strips а 


ut it is equally true that 
nd slides are coming into fashion. 


of pnm a subsidiary room, not necessarily tiered, but of the size 
ars Ordinary class-room, may well be provided in a science block. 
this room only, the expense of adequate ventilation by means of 


a ; : 
efficient extractor system is fully justified. Windows need not be 
‚ ‘Black-out’ should 


ar 
5 ra and they may be included in one V k 
ора Od, but need not be photographically perfect; in fact, dark 
ue" curtains are quite adequate. Each window should be pro- 
oiis ы a pair of curtains, hanging from the top and with their 
asm: © edges fastened to the walls at the sides of the window (this is 
em all but important detail). ins, when pulled, should have 
зоа ота lap, at least опе foot, in the e An ша he 
$ i ot too , 
are not too high, and there are п a or d loss 


have deta 

achable wooden shutters fitted to the ou i 
deas The ieri of the projectors should be considered when 
Sedo oe is designed—will * * or ‘through’ screens, OT hoth, be 
" E Electric sockets can then be installed jn the oma о са 
ае realized that this suggestion ia baste becaus oe a wie! 

ans, and without them canno d 

uL lack of ventilation. Projectors may be used in men dt 
of m provided black-out and extractor fans are бие ета 
ibi his, for several large laboratories With many windows | ue 
at itive, A single smaller room with far fewer У um ыш 3 
or a reasonable cost, for use py teachers taking pose 2 ipud 

мош. All the projection equipment is readily available 

par 


t of fashion, b 
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"Store room and workshop — Space may be saved by combining the 
functions of these two rooms. If a laboratory assistant is employed, 
this is his special domain. Here we require side benches, 24 to 30 
inches wide, along the walls of the rooms, with perhaps an extra 
movable table, 3 feet high (similar to those in the advanced labor- 
atory), and a writing table 21 feet high, with a chair. The side benches 
Should be fitted with drawers and cupboards. A tall glass-fronted 
cupboard may be provided, and the walls, where there are no win- 
dows, should be fitted with open shelves and racks to hold tools and 
apparatus in constant use. Questions of storage, tools, and the duties 
of laboratory assistants, are discussed in Chapter XI. 


for example on the side least affe 


cted by the sun, or in a cellar. It 
should not be kept permanently 


shuttered, so that a draught may 


FIGURE 23.—A 'no door' darkroom. (Walls, 
black" surface) 
B = position of benches or tables 


ceiling and floor have à 'dead 


alls and ceiling 
ughened surface and be painted dead black. It is 


dopt a ‘no door’ arrangement as in Figure 23, Gas 
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must be left for a tall vertical enlarger), and a closed cupboard should 
be provided for developers, etc., which are best kept in the dark. 
Shallow drawers are required for photographic paper. 

A darkroom may have to be used for certain optical experiments, 
although these should, if possible, be redesigned so that they can be 
performed in moderate daylight. Alternatively a darkened ‘lecture 


room’ may be used for them. 


“Lecture room (with black-out) — Lecture rooms containing rows of 
f fashion in schools at the present time. 


tiered seats are going out o 
The chief reason is that money is saved by omitting the lecture room; 
but a subsidiary reason is the belief, not unfounded, that lecture 


rooms encourage lecturing, whereas we should rather encourage 
practical work and experimental demonstration. This argument cer- 


ided the laboratory has an adequate 


tainly has some force, and provi eq 
demonstration bench and facilities, a lecture, room of the traditional 


tiered type may be omitted. 
Lectures may be going out of fashion, but it is equally true that 


educational films, film-strips and slides are coming into fashion. 


Therefore a subsidiary room, not necessarily tiered, but of the size 


of an ordinary class-room, may well be provided in a science block. 
For this room only, the expense of adequate ventilation by means of 


an efficient extractor system is fully justified. Windows need not be 
large, and they may be included in one wall only. ‘Black-out’ should 
be good, but need not be photographically perfect; in fact, dark 
Opaque curtains are quite adequate. Each window should be pro- 
vided with a pair of curtains, hanging from the top and with their 
outside edges fastened to the walls at the sides of the window (this is 
а small but important detail). The curtains, when pulled, should have 
а good overlap, at least one foot, in the centre. An alternative, if the 
Windows are not too high, and there are not too many of them, is to 
have detachable wooden shutters fitted to the outside of the window 
frames. The positioning of the projectors should be considered when 
the room is designed—will ‘on’ or ‘through’ screens, ог both, be 
used? Electric sockets can then be installed in the correct positions. 
It must be realized that this suggestion is based upon the use of ex- 
tractor fans, and without them cannot be adopted because of the heat 
and lack of ventilation. Projectors may be used in any laboratory of 
course, provided black-out and extractor fans are fitted; but the cost 
of this, for several large laboratories with many windows, is pro- 
hibitive. A single smaller room with far fewer windows may be fitted, 
at a reasonable cost, for use by teachers taking physics, chemistry 
or biology. AII the projection equipment is readily available and does 


T.P.—M 
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not have to be carried from one room to another. There are, of 
course, disadvantages. Two teachers, with different classes, may wish 
to use the room at the same time, but this is a matter for negotiation 
and arrangement. It is not worth going into the room merely to pro- 
ject one or two single pictures in the course of a lesson; but neither 
is it worth blacking out a room just for that purpose—and it is very 
doubtful whether full daylight projection, possible in temperate 
climates, is yet possible in tropical schools. 

Such a room should be fitted with a number of side- 
which pre-university pupils ma 
should carry electricity (mains 
but no sinks or drainage are 


benches, on 
y do optical experiments. The benches 


, and low voltage if available) and gas, 
necessary. 


Blackboards 


ory should be generous, 
nd done again, a waste of 
aspects of the lesson. If the 
‘ation bench along a longer 
enty of wall space is avail- 
ckboards can be used. Three 


; I$ another possibilit but it i t so 
permanent and may tend to its tise may fem Коре 


Great care should be taken to see th € surfaci n oL 

* at the surface i b i 
à ѕ not rubbed with an oily 
Cloth. If the surface does, inadvertently, become contaminated with oil, this 


У means of a clean cloth moist i 
enzene or any other Oil-solvent. аа 


methylated spirit, 
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i п wall charts or flannelgraph (Chapter ХУП). There is also 
qe d type of board: two boards, each about 7 feet wide and 
Sonic all, running in vertical slots, one behind the other. They are 
Gther КӨЕ for easy movement, or simply attached one to the 
the abe ropes passing over pulleys at the top, so that one goes up as 
am a comes down. This, of course, 1s useful only in a laboratory 
eios s considerable space between floor and ceiling. A modern 
m commonly fitted in university lecture rooms is the 6 feet wide, 
Dx roller blind’, arranged for vertical movement. This also 
E dm a tall room, but it gives а very large surface, some of which 
i e whitened, or painted with aluminium paint, for use as a 
oa n. These blackboards’, of stretched flexible material, are quite 
"a sant to write on, yet seem te collect much chalk dust and to 
те a whitish appearance that reduces visibility and cannot easily 
removed. 
Bud a blackboard be black? Experiments with boards of differ- 
aic ours have been made during recent years, but the general con- 
m on seems to be that nothing 1s better than a dull black or dark 
еп surface on which white chalk is i 


brigh used. For diagrams 1n colours, 
Уе tly hued chalks should be used: pink, pale green, light blue, 
ow. Dark reds, greens, blues, purples, do not show up à 


and t all well, 
may cause considerable eye strain. 


oft "Another important point 
en forgotten is the background to the blackboard. The wall on 
have no window 


duh the board is situated should ows, and in contra- 

NEM to the rest of the room, should be painted in a relatively 

and colour, as should the blackboard surround, and the uprights 
other wooden structures supporting it. 


3 ther features 
PON A beams — Some Mechanics apparatus has to be hung from 
eight, and two wooden suspension beams running right across the 


a 
Oratory near the ceiling are useful. 


оо — The legs of the stools, if not the s 
adver A type that can be stacked one on 
suit Ntage. A few stools of greater height 

aie of smaller stature sitting at the back о 
[аб er feet are useful in reducing clatter—for as long as th 


eats as well, should be of 
top of another is a great 
should be purchased, to 
f the laboratory. 
e rubber 


n а physics labor- 
p accumulators, 
Пу be obtained 


a usual fitting i 
d for topping у 
es, it may usual 


Disti 

uel water still — А still is not 

+ p: when distilled water is require 
T one of a very few other purpos 
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from the chemical laboratory. If a still is fitted, it need not be very 
large, and a wall type saves bench space. When a choice is available, 
the physicist probably prefers an electrically-heated type, just as the 
chemist usually likes to heat his still w!th a bunsen! 

When accumulators have to be filled, and no distilled water is 
available, boiled and filtered rainwater is the best substitute, 


- Agate knife edge 


and this is especially true under tropical conditions, 


od, about 1 inch s 


› quare section, may be 
12 inches apart. P 
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FIGURE 24.—A multi-purpose science room, which 

does not communicate with an adjacent store room. 

Note the storage wall behind the demonstration desk, 

the various types of work areas, the reading centre 
tind the facilities for display 2 


7A 


MMU. 


77 


storage 


corridor 


FIGURE 25.—A multi-purpose science room, with 
tables for two students. Note the work areas, the 


corridor display cabinet with notice-board doors, the 
room, and the 


combined plant room and conference 1 
reading centre. Part of {һе blackboard can be slid to 
one side to get materials from the store-room 
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FIGURE 26.—A multi-purpose Science room that display 
can be built up in a normal class-room near à room б 
‚ Note the facilities ФЕ = desk 
ing, display and storage 


where plumbing is already installed 
for experimental work, readi 


ddk = demonstra- 
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> 
e science room with 
t the work areas, the 
reading centre, the plant room, the room where the 
teacher can talk to some pupils while keeping an eye 
on the rest of the class thr 

aration and storage room: 


FIGURE 28.—A multi-purpos' 
plenty of storage space. Note 


ough a glass panel, the prep- 
s, and the darkroom 


27 
23 


FIGURE 29.—A multi-purpose science room show- 

for class work and in another 

Position for laboratory work. There are benches along 

the walls for experiments best done 1 a standing 

Position. The storage wall provides a place for neces- 

Sary supplies and equipment, which can be moved 
about on the mobile desk 


b = books 
bb = blackboard 


bwa = bench work 
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m = magazines 
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FIGURE 30.—A storage cabin 


et with slidi; 
panels increases storage spa 


се while providing work and display areas 


ng blackboard and display board 


rear wall front wall 
FIGURE 31.—Storage walls at the back and front of 
ample storage, display and blackbo. 


Science rooms provide 
ard areas, and at the same time аге easy to 
alter to meet future needs 


, Iecognize individual differences 


* Science Facilities for Secondary Schools obtainable from: Superintendent of 
Documents, US. Government Printing Office, Washington 25, D.C., U.S.A. 
nother useful Publication is School Facilities Sor Science Instruction, 


: А t prepared 
by the National Science Teachers’ Association, Washington, D.C., U.S.A. 
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rk . . . multipurpose science rooms and 
multipurpose furniture make possible the extensive use of small group and 
individual activities of many types which can effectively serve the wide 
individual differences among the students." 


he area of floor-space per student 
imum 30 square feet which has 
st.* Instead, 35-40 square feet 
Juding store rooms, preparation 
dent. The reasons for 


to small group and individual wo: 


The committee considers that t 
should be greater than the min 
been considered suitable in the pa 
per student is recommended, or, inc 
rooms, and darkrooms, 50 square feet per stu 
this increase are summarized thus: 


1. Science teaching now involves a much greater wealth of learning 
materials than it did in the past, There is a greatly extended array of 
apparatus, models, etc., as well as charts, diagrams, and projected 
materials, all of which require larger areas of operation than con- 
ventional apparatus. Am ч 

. Methods of teaching involving group and individualized procedures, 

imental set-ups and the 


including use of tools for the making of experimental : 
use of art materials for producing illustrations, require increased space. 
3. The use of experimental projects by students as preludes to real research 
requires, often for several weeks, space well beyond what was required 
when teachers did the teaching and students were expected to sit and 


learn. 


It seems that, to some extent, the increase in space per pupil may 
be compensated by a decrease in the number of rooms required. Thus 
pupils are working (often with books) in the laboratory instead ofa 
class-room or library. Also these Jaboratories are usually designed for 
general science rather than separate subjects, and it may be that two 
of these large science laboratories would replace three individual 
laboratories for physics, chemistry and biology— student desks in 
the plans are provided for 24, 30 or 32 pupils, but other pupils could, 
at the same time, be working at ‘work areas’, ‘wall counters’ or in 
the rooms that are an integral part of the laboratory. The diagrams, 
With their captions, are self-explanatory. Tables and desks and work 
areas’ have a height of about 31 inches; the *wall counters' are about 


37 inches high. f | 

These laboratories Were planned for schools in North America, 
ОЁ course, and are not necessarily suitable, without modification, for 
tropical countries. For example, the placing of rooms within rooms 
nsiderable difficulty with regard to 


(Figures 25 and 27) presents co | 
ventilation. The plans аге excellent for general science purposes, and 


N 


* The area (page 133) assumed in this chapter is: 


1000 sa. ft. = 33 sq. ft. per pupil. 
30 pupils 
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may easily be modified to suit specialist subjects like Physics. Such 
laboratories are excellent for 


for a non-specialist course, 


PART Ш—ТНЕ TEACHER'S CONDUCT AND 
AIDS TO LEARNING 


CHAPTER XIII 


The Teacher's Conduct in the Class-room 
or Laboratory 


Preparation of lessons 


Should lessons be prepared? A teacher may believe himself to be a 


good talker, adaptable and excellent at improvisation. But, unless 
his method of approach has been carefully prepared, he cannot expect 
to enter a laboratory or lecture room, stand in front of the class and 
keep pupils both interested and usefully employed throughout a 
teaching period. Later in his career, a teacher may know so well how 


to treat the various topics o 


of preparation shown by some 
room, have to ask their pupils, or 


to discover what the class is suppose 
keep a book in which he regularly enters notes of the work to be done 


in each lesson, and the home-work and other written and learning 
Work he sets. The lesson notes should subsequently be corrected, if 
necessary, to show what was actually done. These notes should be 
brief, giving method of procedure, examples to be used and set, 
questions to ask and possible further development if the lesson pro- 
ceeds more rapidly than expected. A word for word record of what 
the teacher intends to say is unnecessary and undesirable, and there 
should never be any intention of reading to the class from lesson 
notes. This advice does not preclude the writing out in full of any 
sentences that the teacher wishes to dictate or write on the black- 
board. As stated elsewhere, however, this kind of dictation, or copy- 
ing of long sentences from the blackboard, should be kept to a 


minimum. 
Should the same notes be used for the same lesson, year after year? 


search through their books, in order 
d to be doing. The teacher should 
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cause I am using the 


parkle, were fresh and 
inspiring, up to date and in accord with the students’ background, 
Now the notes and the lectures are dry, stale and out of touch with 


he school teacher if he does 


or unintelligent, or unduly complacent, 


he known to the unknown; 


‚ Or Work Previously done. 
2. If possible, we Pose a problem, or bet 
ST ivi lizati 


our starting point is 


ot lecture, 
6. Our language must be suited to th 


ms desirable to do зо. 
Young teachers often find difficulty in timing their lessons 
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correctly. Sometimes they try to do too much and to go too fast. 
When told about this, they ‘over-correct’ and go too slowly. It is 
better to err by being too slow than by being too fast, but either 
fault is liable to lead to boredóm and apathy on the part of the class. 


The teacher's conduct in class-room or laboratory 


The following precepts may be useful: 
1. The teacher should be alert, in full control of himself, with a 


natural and easy bearing and posture, and in sympathy with his 
class. By this last we mean that he takes an interest in his pupils as 
individuals, knowing their names, and getting to know something 
of their home backgrounds and the difficulties they experience at 
home and in school. А 

2. Most people find effective teaching difficult or impossible when 
sitting down, and there is no reason why they should attempt it! 
However, while too much tramping abeut (the ‘caged panther’ 
effect) should also be avoided, an occasional change of position 
may be helpful. For example, while emphasizing important points, 
a teacher may sit up on his demonstration bench for a few minutes, 
thus overseeing all his pupils, and ‘gathering them in’ with his 
eyes. Again, wishing to ask questions of the front row of pupils, 
he may walk to the back of the class. 

3. Some points, such as the need for a reasonable standard of disci- 
pline (not talking above a hubbub of noise for example) and the 
importance of starting and finishing to time, have already been 
mentioned. Я 

4. The teacher should be an example to his class, particularly with 
regard to good manners. He should set for himself the same 
standard which he hopes to obtain from his pupils. 

5. The teacher should be friendly and easily approachable, so that 
pupils are happy to tell him * things, and to discuss difficulties 
with him. But there is а certain touch of aloofness and respect; 
instead of a man among men, or à child among children, his atti- 


tude more closely resembles that of a father to a son. 
6. A teacher's manner of speech is always a matter of importance, and 
ch time to speech-training and 


training colleges usually devote mu а i 
the correction of faults. It is even more important when, as 1$ SO 


often the case in tropical countries, English is the medium of in- 
struction, but is not the native language of either teacher or pupils. 
The trouble is made much worse by the fact that, outside the 
school, pupils sometimes speak a debased form of English, such as 
* Please note:—here, and throughout this book, ‘he’ and ‘him’ may always 
be read as ‘she’ and ‘her’. 
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‘pidgin English’. This may be ugly, 


7. The teacher should make a spec; 


iality of good blackboard work 

(see Chapter XVII). 

8. So far as he can, the teacher should See that all his pupils are 
Working under the best iti 


s 
have to take the hard 
and, above all, by learning from 


CHAPTER XIV 


The Pupils’ Written Work, Drawings and Books 


Written English 
What kind of English * should our science pupils write? We are 
preparing our pupils, or some of them, to be our country’s future 
research scientists and engineers, to be technologists in mines and 
factories, to build roads, railways and bridges, to construct and 
maintain hydro-electric and many other schemes. These future 
scientists and technologists will have to convey to their readers ideas 
that may be new and difficult. Their writing should be persuasive 
and lucid, апа its meaning must be clearly.grasped and quite unam- 
biguous. Lawyers attempt to achieve exactness of meaning at all 
costs. They omit all punctuation except the full stop and they use 
technical terms with precise legal meanings. The result of this is that 
legal documents are practically incomprehensible to the ordinary 
man, so there is a continued demand for the services of lawyers! The 
scientist also has his exact technical terms and often he has to resort 
to mathematical symbolism; here, for example, is a physicist f talking 
to physicists: 
Perhaps the most striking event followed the creation of a 1:2 BeV 
by 1:3 BeV protons striking hydrogen. The 


Positively charged meson { 
loud chamber of the continuously 


energetic л meson was observed, in a с 
drogen under pressure, to stop, presumably 


A little farther along, two pairs of V tracks 
oton and a л meson with kinetic energies 
These are the well-known decay products of 
and Butler in 1948. This heavy 


meson, which seems to be an exci 
heavier than nucleons which have rece 
a mass of 2182 times the electronic mass ап 
Second. 
not only to the ordinary man, but also 
and, indeed, to some physicists 
ysicists. ‘Difficult’ prose of this 
ighly specialized 


This is incomprehensible, 
to the scientist who is not a physicist 
who do not happen to be nuclear ph 
kind could be found in the literature of any other hi 

* English is assumed to be the language used for teaching purposes by most 
readers of this book. The remarks, however» apply equally to any other language 
used as the medium of instruction in scientific education. { P 

f Sir John Cockcroft in his presidential address to the Physics Section of the 
British Association at Oxford, 1954. 
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Science or, for that matter, of any specialized subject at all, be it 
theology, agriculture, chess or even knitting: 


K.1, k.2 tog., k. until there are 7(8:9:10:11 12) 
Finish this side first. Ist TOW—P. 2nd row—K.1, k.2 
k.2 tog. 


sts. on needle, turn. 
tog., k. to last 2 sts., 


However, our scientists are ofte 
О those who are not scientists, 
young or old, wise or foolish, lib 
ically or learned technically. W 
require for these purposes? 


n called upon to explain their ideas 
to convince and to persuade people 
eral or reactionary, learned academ- 
hat style of written English do they 


uracy and clarity of 
А ance and grace may Бе 


* A Journal of Researches cha 
а 5 pter ХХ. 
Quoted in T. Н, Savory's book, The Language of Science, p. 108. 
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The fierce rays of the tropical sun have scorched the sands of the desert 
and night has fallen before the Wind Scorpion ventures out upon the 
chase. Armed more powerfully than any other creature, he stands for 
speed, for fury, for sudden death, while the Sable Goddess so cloaks his 
crimes that men know not his ways nor tell of his deeds. Mysterious in 
life, and no less mysterious in death, we look upon his hairy body, wonder- 
ing what messages those spines convey, and what kind of existence is that 


in which every event is a vibration, every sensation is a touch. 


The writer of this passage, like Charles Darwin, has successfully 
attempted to tell us something. Unlike Darwin, he has sought to do 
it, not indeed by,arousing emotions in us, but by recalling to us 
those emotions of fear and mystery that we have previously felt; and, 
in effect, saying to us ‘the wind-scorpion is like that’. This passage is 
very informative, but it is not science; we could not tolerate а scien- 
tific text-book written in that way. Professor A. В. Michelson,* 
writing of the astonishing colour effects which may be produced by 
light, said: ë 

These beauties of form and colour, so constantly recurring in the varied 
phenomena of refraction, diffraction and interference, are, however, only 
incidentals and, though a never failing source of aesthetic delight, must 
be resolutely ignored if we would perceive the still higher beauties which 
appeal to the mind, not directly through the senses, but through the 
reasoning faculty. s 

As Mr. Savory says, “Неге speaks the authentic voice of science. 
... The scientist may not be emotional, may not be eloquent, but 
assuredly he knows that he must love the highest when he sees it.’ 
Here is another typically scientific passage, from Professor J. J. 
Thomson’s Conduction of Electricity through Gases, а work from 
which has stemmed our modern knowledge, first of the electron, and 
then of other charged particles; but there is no hint of excitement in 


these, the opening sentences of the book: 
ectricity to a slight, but only to a 


A gas in the normal state conducts el І 
E ctric force acting on the gas may 


very slight, extent, however small the ele zont 
be. So small, however, is the conductivity of a gas when in this state, and 
5 effects, that there have been several 


so difficult is it to eliminate spurious ‹ 
changes of opinion among the physicists as to the cause of the leakage of 
electricity which undoubtedly occurs when a charged body is surrounded 
by gas . . . Quite recently it has been shown that there is a true leak through 


the gas which is not due to the dust or moisture the gas may happen to 
contain. 
Good style, exemplified in all the passages previously quoted in 


this chapter, does not come automatically; it is the result of con- 
tinued practice and criticism—for the adult, self-criticism; for the 


* ibid., page 112. 
T.P.—N 
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schoolboy, criticism by the master. The pupil studying science uses 


many tools: his laboratory, his apparatus, his mathematical symbols. 
He should be made to reali 


thought. 


How can this clear style of writing be obtained? First, by the train- 
ing given by the science master himself: i 


A watch is placed at the focus of one of tw 
1 footin diameter, of the type used for expe 
Which are mounted about 5 feet apart wii 
piece of bunsen tubing near the focus of t 
of the tubing being held to one ear. 


ning and, having Started, he had to £0 backwards. Here is à better 
version: 


of the other. A piece of bunsen tubing is fitted to the funnel. The other end 
of the tubing is held to the ear. 


There are two safe rules the science tea 


cher may give to his pupils: 
(i) think what you are going to say, the 


n say it clearly and concisely, 
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beginning at the beginning; (ii) do not attempt to insert too many 
statements in one sentence. (In fact, for his younger pupils, he might 
well insist upon the rule, ‘опе statement, one sentence’.) 

The second fault can best be described as ‘padding’, that is, saying 
very little at great length, with much ‘circumlocution’. Under the 
heading of padding we have such phrases as ‘in the case of", ‘in 
respect of", ‘with regard to’, *It is also of importance to bear in mind 
the following considerations'—and so on. There is an amusing ex- 
ample * of how Mark Antony's simple and direct sentence ‘I come 
to bury Caesar not to praise him' might sound if rendered into 
‘technician’s English’. Translated it becomes: "In this case I have 
undertaken the journey here for the purpose of the interring of the 
deceased. From this point of view I do not, however, propose put- 
ting anything on record so far as praise is concerned.” 

Much more might be said about the difference between good and 
bad styles in scientific writing. The most important consideration, 
however, is the need for simple, straightforward, direct language. 


Diagrams 


Pupils should be encourage 
in excessive verbiage; а 200! 
description. It is wrong to insist upon a 
tion of the same thing. What a boon dia 
and examinee; how much easier to mark! 


4 to draw diagrams rather than to indulge 
d labelled diagram needs only the briefest 
diagram and a long descrip- 
grams are to both examiner 


c 


ectional plan)—A radial field. The plane of the 


FIGURE 32.—A diagram (5 г d. 
i he lines of force in all positions 


coil is parallel to t 
or architectural drawings, and there 
bout them. Normally they are sec- 
(Figure 33); sections are easier 
ver, some diagrams represent 
imensional. The moving-coil 
a mixture of section and per- 
shudder. However, 


. Diagrams are not engineering 
is no need to make rigid rules a 
tional plans (Figure 32) or elevations 
to draw and to understand. Howe 
things that are essentially three-d 
ammeter (Figure 34), for example, is 
Spective, and would probably make an engineer 

* Quoted from Professor R. O. Kapp's book The Presentation of Technical 
Information, Constable & Co. Ltd. 
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itis clear to the pupil, and easy for him to draw in his book or repro- 
duce in an examination. It may be noticed how the pointer and scale, 
and the central soft-iron cylinder, have been omitted in order to show 
the essentials of coil, magnet and springs. The soft-iron cylinder, and 


torsion head 


- phosphor bronze 
Strip suspension 


coricave mirror 
soft iron cylinder 


Q > 
\n] [BI S tore 


= Spiral connexion 

2 
terminals on 
о - = base-board 


— shunt 
м 09 s| и 


FIGURE 34.—A diagram (convenient ‘mixture’ of style)—A moving-coil 
ammeter (the soft-iron core, pointer and scale are omitted in order to show 
essential parts clearly. The pointer is attached to the coil and moves with it) 


its effect in producing a radial field, may be shown much more 
simply in a second easily drawn diagram, Figure 32. 

‘Labelling’ is often an advantage, as in Figure 33. Unjoined script 
or small capitals should be used, with, but only where necessary, a 
short line to indicate what is being labelled. 
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Some teachers are severely critical of pupils’ drawings if they are 
not completely equipped with an array of stands, clamps, tripods, 
etc.; they wax sarcastic about apparatus ‘floating in the air’. It is 
wrong to insist on too much time being spent on drawing items, 
usually three-dimensional, which everybody knows perfectly well to 
be present; however, pictures certainly look better when the appar- 
atus shown does have some visible means of support, and stylized 
methods of rapid drawing can be adopted, as shown in Figure 35. 


| —retort stand 


thermometer. 


FIGURE 35.—A diagram (conventional representation)—A distillation appara- 
tus (showing stylized bunsen, tripod, gauze, stands, clamp and thermometer) 
Special symbols (Figure 36) are used for the drawing of electrical 


Circuits 
d to use rulers, compasses, set-squares 


Pupils should be encourage 1 
and, if they have them, any other aids to drawing such as stencils for 
rapid delineation of flasks, beakers, etc. We are not conducting an art 
class, and scientific drawings are а means to an end, not an end in 
themselves, Nevertheless, high standards should be required, and 
they can best be achieved when the teacher serves as 4 model for his 
pupils—his blackboard technique (page 195) should be as faultless as 


he can make it. 


Note-making 

Advice to those about to give notes—don’t! This does not refer to 
the note-taking which is a feature of university science lectures, but 
to the writing-up in schools of notes copied from the blackboard, 


dictated by the teacher or simply abstracted from a book. This 
could more profitably spend on 


drudgery wastes time that pupils profit | 
doing and learning. What notes should a pupil write?—obviously 
accounts of his practical experiments, a matter discussed on page 91. 
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FIGURE 36.—Symbols for electrical circuit diagrams 
(a) Single cell. (b) Two-cell battery, (c) High-tension battery, or battery of 
several cells. (4) Galvanometer (or other current-detecting or measuring instru- 
ment). (е) Ammeter. (f) Voltmeter. (е) Key (or switch). (/i) Two-way switch 
(‘single pole, double throw’). (i) ‘Double pole, double throw" switch. ( J) Induct- 
ance coil—air core. (k) Inductance coil—iron core. (/) Transformer. (m) Capacitor 
(condenser). (л) Variable capacitor. (o) Rectifier (current travels in direction of 
arrows). (p) Diode. (4) Triode. (ғ) Indirectly heated triode 


If possible, these accounts should be kept in a separate book. In 
addition, there are the things he should know by heart—laws, 
definitions, brief statements of principles. True, these are in the text- 
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book, but writing them out calls special attention to them, and they 
are thus collected into one place for subsequent revision. Diagrams 
too, should be included, for the best way of memorizing a diagram is 
to draw it. Also the text-booK diagrams are not always precisely what 
the teacher wishes to show; they may be too complicated, or some 
point he wishes to emphasize may have been omitted. So he draws 
his own version for pupils to copy. 

The total amount of note-making, apart, from experimental ac- 
counts, is therefore comparatively small—if not, what is the place of 
the text-book? Admittedly the teacher who has to work without 
text-books, or with totally inadequate ones, must make more use of 
dictated notes; nevertheless he should cut the dictation to the essential 
minimum, The pupil still has to write answers to questions and work 
numerical examples; the class without a text-book could, to a certain 
extent, write one in the form of answers to suitably chosen questions 


set for homework or work done in ‘private study’. 


Text-books 


et the same number of weekly t 
е accomplished with a good text 
Points should a teacher look for when choosing a tex 


with a particular class? 

(а) It should cover about the same syllabus to be covered in two or 
three years’ work with the class. Changing text-books every year 
is not a good idea; pupils should learn how to find their way 
around one particular book. In addition they should be able to 

make occasional reference to library books, including other text- 


eaching periods, much more can 
-book than without one. What 
t-book for use 


books. 
(b) Its language should be beyond criticism, of the kind pupils may 


usefully copy. It should contain clear line-diagrams of the kind 
Pupils are expected to draw. It may contain photographs also, but 
not substitutes for them. 


these are additional to the diagrams, 1 
(с) It should follow the inductive method, outlined in Chapter III, 


of arriving at principles as a result of observation and experiment. 
The experiments should be clearly described, and preferably 
separated from the rest of the text: by the use of smaller type, for 
example. Tables for results, and some specimen results, may well 


е given. 

(d) It should deal effectively with present-day applications of the 
Principles discussed. A background of historical information 
should also be included. 

(е) It should contain, at the end of each chapter, or at the end 
of the book, a reasonable number of questions, numerical and 
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otherwise, which pupils can answer. These questions should 
preferably be graded in difficulty. In addition, the text should 
contain a number of worked examples. 

(f) It should be well printed on goot paper and bound between 
strong covers that will stand up to the wear and tear of school use. 

(g) The last requirement is perhaps the most difficult to satisfy—that 
is, the book should be written for pupils who live in an environ- 
ment the same as, or similar to, that of the school. Any text-book, 
before it is adopted, must be carefully studied in order to discover 
whether it is suitable—or not too unsuitable—in this respect. The 
younger the pupils, the more important it is that the book they 
use should be based upon their particular background and experi- 
ences. The more advanced branches of Physics are much the same 
the world over. 


A paragon of a text-book that has all the virtues listed above will 
not be cheap! Also, Physics is a large subject, or rather, five subjects. 
At the pre-university level, this means five separate books. At the 
level of the suggested ‘B’ syllabus (pages 267-90), three books are 
more usual: say, ‘mechanics’, ‘heat and light" and ‘electricity’, 
‘sound’ being included with either the mechanics or the heat and 
light. At the ‘A’ syllabus level, one book on ‘Physics’ suffices. This is 
the usual pattern, although single books on ‘Physics’ are obtainable 
at all levels. These are either very bulky, or are confined to a basic 
minimum of laws, definitions, experiments and examples, 

Pupils should be encouraged and, if need be, taught to take care of 
books. Where necessary, books should be treated with an insecticidal 
solution as part of normal routine. 

The school should be responsible for the issue of the right text- 
books at the right stage to every pupil, and for their collection at the 
end of the course. If school-fees are charged, and these do not cover 
the cost of books, the school can still be responsible for the issue (and 
sale) of the books. At the end of the course, the school may buy back 
the books (at a reduced but equitable price) from those who do not 
wish to retain them, and then sell them (at the same price, or with 
only a very small increase to cover costs) to the pupils starting the 
course the following year. In this way the correct books are obtained 
without waste, and pupils are not exploited by unscrupulous dealers. 


Science books in the school library 


Books, including children’s books, are being printed in, and also 
exported to, tropical countries, in increasing numbers, But many 
children born in these areas are still at a literary disadvantage com- 
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pared with children of the same age in some other parts of the world. 
For instance, many European children—though by no means all, 
perhaps not even the majority—are born into homes that contain 
books, where reading is a natŵral and obvious source of entertain- 
ment and information common to all members of the household. 
Even before the child has learnt to read, he has picture books of all 
kinds, drawing paper, coloured crayons and chalks and poster paints. 
His mother, and other members of the family, read to him and he 
learns the value of print long before he is able to read himself. He is 
encouraged, in the process of learning to read, by the knowledge 
that he will then be independent of other people's kindness in reading 
to him. When he has learnt to read, children's books and magazines 
are available to him from various sources—at home, at school, from 
local libraries. Admittedly he may be exposed to some undesirable 
reading matter in this way—an ever present and world-wide problem 
— but the assistance to his schooling is undeniable. For children born 
in tropical countries there may be nothing to take the place of these 
picture and *A.B.C. books, nursery rhymes, fairy tales, school 
stories and adventure stories of all kinds. So far as it is possible, this 
deficiency has to be made good in the schools. A school library, in- 
cluding many profusely illustrated junior books, is much more essen- 
tial than it is in countries where books are more plentiful and easier to 
come by. The pictures and line-diagrams are as important as the print; 
without previous experience of pictures and other visual means of 
conveying information, pupils will be unable to appreciate and absorb 
the relevant points of photographs and diagrams they use in science. 
Prominent in the school library should be elementary science books 
of a kind which encourage pupils to read about and understand 


common everyday phenomena and the things they see around them 
— books of the ‘what to look for’, ‘how to make’ and ‘what to do” 
n ‘simple science’, 


type, as well as illustrated descriptive books o 
*wonders of science' and so on. : с 

For the older pupils, books of the ‘general interest type are re- 
quired at all levels. These may include books intended for the intelli- 
gent but non-scientific adult reader. Astronomy, geology and other 
scientific subjects which are not, perhaps, taught in the school should 
also be represented. In addition to these ‘general interest books, 
there should also be available to senior pupils a selection of pre- 
university and university text-books, both for reference, and for read- 
ing an alternative, or a fuller, or a different, version of the work con- 
tained in their class text-books. Whether these additional texts are 
kept in the library or in the laboratory is immaterial. One of the 
teacher’s duties is the encouragement of the right use of books; 
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pupils should be dissuaded from the belief that all they need is a 
single text-book to be memorized for examination purposes. They 
must be encouraged to seek truth from as many different sources as 
they have available—they are then nre likely to be released from a 
naive belief in the sanctity and omniscience of the printed word. 
Statements in all books—even this onel—are to be received with 
caution and the exercise of critical judgement. 

The greatest difficulty, of course, is to know what to purchase for 
a school library. Some suggestions are included in the Appendix B, 
page 336.* But nothing can replace personal knowledge of suitable 
books, and, to the teacher ‘in the bush', this knowledge is most diffi- 
cult to acquire. He should miss no chance of examining and inspect- 
ing books whenever he visits any.place where they can be found, in 
Shops, at exhibitions or in other people's libraries. Whenever he 
meets other science teachers, he should take the opportunity of dis- 
cussing library books and exchan ging ideas, opinions ана suggestions. 

* Many more suggestions, under various headings, are contained in Science 
Books for a School Library, and its supplements, published by Messrs. John 


Murray Ltd., 50 Albemarle Street, London, W.1, England. Price 3s. A Science 
Masters’ Association publication, 


CHAPTER XV 
Testing Pupils and Marking their Work 


Tests 


Tests and internal examinations are an essential part of the learning 
Process, but it must always be remembered that they are only a means 
to an end. First, they measure the progress and success of the pupils: 
has the work been adequately learnt?—Can the class satisfactorily 
proceed to the next stage? Second, they provide an immediate short- 
term incentive to each pupil—success in the test and the gaining of 
rewards, namely, marks. Is the introduction into the school of the 
competitive arid acquisitive elements a good thing? This is a very 
debatable question, and most teachers will probably decide that it is 
not, but that the other advantages of tests and examinations make 
them indispensable. Certainly the mark-collecting and competitive 
'class-position' side of examinations ought not to be stressed. ‘A has 
more marks than B—three cheers for A! C has less marks than B; C 
must be lazy. D has less than C; D must be beaten with a stick!’ This 
Kind of reasoning is usually fallacious, and even if the teacher thinks 
that in particular cases it is true, there is no need for him to encourage 
the class, as distinct from A, B, C and D individually, to take an 
unhealthy interest in these matters. We must admit that some degree 
of Competitive spirit is bound to be present in examinations, just as 
it is in the world at large. If not overstressed, this may be all to the 
800d. Every opportunity should be taken to preserve a balance by 
means of day-by-day co-operation between teacher and class, and 
between the individuals constituting the class. 

Third, the test or examination is a measure of the progress and 
Success of the teacher. If the marks are too low, whose fault is it? 
There is only one answer to this question, a hard answer, but true! 
(True, that is, when applied by the teacher to himself, but to be 
applied with much greater caution and leniency to other people.) 
The teacher may conclude that all is well, or, on the contrary, 
that his methods, techniques or rates of progress need altering and 
improving. 

Lastly, tests and internal examinations may provide a natural and 
useful contact between individual pupils and the teacher. The latter 
thus learns about difficulties and failings not directly concerned with 


the work in hand. 
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Three kinds of test — (a) The written examination, taking the whole of 
one or two class-teaching periods. If full value is to be obtained from 
this, the questions must cover a fairly wide range and be well chosen. 
The pupils should prepare for it by careful revision, and the questions 
should be worked through afterwards, with pupils’ errors pointed out 
and correct answers written. АП this occupies much class-teaching 
time. As a method of learning, it is very slow, and tends to be boring 
for both teacher and pupils. Twice a year is quite often enough for 
this type of test. Very often schools have set examinations in all sub- 
jects twice a year, and in that case there is no need for the physics 
teacher to set physics examinations with greater frequency; the time 
is better devoted to teaching Physics by normal methods. 


(b) The practical examination: at all stages of the course, more time 
might be allocated to this type of test than is usually the case, Such 
tests, properly set, provide intensive training in the usc of both hands 
and brains, and are superior to ordinary practical periods in that 
greater emphasis is laid on the problem-solving aspect. Questions at 
the more advanced levels should be of the "research-type' (see pages 
94-5). At the junior levels, pupils might be asked to repeat simple 
quantitative experiments of the kind they have seen performed, or 
have done themselves. But a much better type of test at this level 
might consist of questions such as the following: 
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next experiment, but later, before you hand in your 
Р density of the stone. : Веви 
- Weigh the piece of iron on the spring balance. Its specific heat i 
2 . is 0-11 cal. 
per gm. per ° С. Later, work out its water e uiv; 
А > quivalent (or thermal 
5. Place your paper so that the light beam shines across it. Put t i 
on the paper so that it reflects the beam. Mark the positions a6 ') the 
mirror, (ii) the incident beam, (iii) the reflected beam. Later, use the 
traces you have made to show that the angle of reflection is ‘equal to 
the angle of incidence, 


and so on, if possible for as many questions as there are pupils in the 


oe 
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class. Waiting for the next experiment to become available will then 
be reduced to a minimum, and pupils can use any such spare time to 
work out the results of previous readings. 


(c) ‘Point’ tests, which can be quick and easy ways of testing the pro- 
gress of a class. Improperly used, they can become great time-wasters. 
If the class is not large, oral testing is possible. The questions must 
be short and snappy, with class and teacher ‘on their toes’. The 
teacher quickly asks one pupil after another, making ticks or crosses 
In his mark book so as to ensure that everyone gets, say, three ques- 
tions. But this takes much time if the class is a big one, and the 
teacher may wish to introduce numerical problems each of which may 
take a minute or so to work out. Then, too, some unfortunate pupils 
may be asked only questions they cannot answer and get no chance 
at those they can. 

Another method is illustrated by the following example. As soon 
as pupils enter the room, they find questioris written on the black- 
board. Let us suppose the last lessons to have been on Ohm's law, 
etc. In questions 1 and 2 they have to copy the statements down, 


filling in the blanks. 


1. The current flowing through а......... is directly -eee to 


is constant. 


D и driving it, provided the ..... с 
- One ohm is the . of a conductor ough which one 
3. ure . drives опе... : 
- Write down an equation connecting V, Iand К. 
2 volts 2volts. 
I 
(4) 4 ohms (5) 10 ohms (6) x 3ohms 
4. Ds Ё ‚6. 
Find 7. How many 2-volt batteries Find X. 


are in the circuit? 
that is, we expect the cleverer and 


Time allowed, 10 minutes, : ! 
of the class, to finish in that time. 


quicker pupils, say one-quarter 


Marking 
Let us consider, in the reverse order, the three kinds of test, а, b and 
с, mentioned above. 

d be devised so that answers are 


(c) ‘Point? tests. The questions shoul 
unambiguous. Notice how the pupils were not asked to state Ohm's 


law, or to define the ohm (as they would be in a full-scale written 
examination); they were asked only to fill in the blanks. This 
makes it possible for pupils to mark their own papers, without 
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endless arguments about alternative correct wordings. One mark 
for each blank correctly filled in, one for the equation in question 
3, two for each correct numerical answer (0-5; 8; 17), one for the 
correct units in questions 4 and 610-5 amperes; 17 ohms). Total 17 
marks. ‘Write the marks out of 17 on the papers.’ The teacher 
takes in the marks quickly, by calling out the names of the pupils. 
“Pass the papers to the end of the bench.’ ‘So-and-so, collect the 
papers and bring them to me.’ The test is over. Total time, say 15 
minutes if the pupils are used to this sort of thing. Now we get on 
with the new work of the lesson. What does the teacher do with 
the papers? He puts them in the waste-paper basket in the staff- 
room, out of sight of the pupils. But first he glances at them, look- 
ing especially at the papers beating marks that are surprisingly high 
or unexpectedly low. In this way neither class nor teacher waste 
time or become bored. Instead of using a whole lesson (and more, 
for corrections), only a part of the lesson is taken. And the teacher 
is not saddled with a pile of books to mark. He can Spend his time 
designing tomorrow's lessons and seeing that practical work and 
demonstration experiments are ready. 

Should pupils change papers when marking? No, this wastes 
more time, and a pupil can read his own paper better than some- 
one else's. Also, while the teacher has made it obvious that he 
thinks pupils may try to cheat, he has not made it impossible for 
them to do so. In fact, he is likely to open the way for co-operative 
cheating—one case where co-operation is not to be recommended! 
The eyes of the teacher, and his collection and subsequent brief 
inspection of the papers, provide the best safeguard. 

Practical examinations. Marks should be given for: (i) the read- 
ings, properly set down, with the correct units; (ii) the results, 
with the working shown, and the answer to the correct number of 
significant figures; (iii) graphs, if any; (iv) a comparatively small 
number—say 10 per cent.—for a brief description of how the read- 
ings were taken. (For some details of correct procedure in 
practical work, see pages 88-92.) In addition, some proportion 
of the marks—say 20 per cent.—may be given during the actual 
test, for the pupil's handling of the apparatus. A pupil should not 
be penalized for circumstances outside his control; for example, 
he may spend some time, without result, in trying to do an experi- 
ment with a galvanometer subsequently found to have an internal 
disconnexion; he should receive an allowance on this account. 
But when faults are obvious, pupils should be expected to 
recognize them and make complaints, not to sit doing nothing. 
Teachers should, of course, always look out for candidates who 
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do not seem to be getting on, and discover whether assistance is 
needed. 

(a) Written examinations. The method of marking might be similar to 
that customarily used in external examinations, and may be 
illustrated by the following question, taken from a paper for 
advanced pupils (that is, at the level of syllabus ‘C’, page 291). 
(Some points about the setting of the question: (i) the question 
contains theoretical and experimental parts; (ii) the person who 
has learnt his bookwork (knows Newton's laws and the defini- 
tions) gets a proportion of the marks, and so does the clever but 
idle candidate who has not troubled to learn anything very 
seriously but has the intelligence to invent answers to the last 
parts. Only the pupil who is both knowledgeable, and has the 
ability to apply his knowledge intelligently, can get full marks. We 
must test not only (nor chiefly) book-learning, but also the ability 
to apply knowledge to a new problem or.situation. Without this 
ability, knowledge is useless. However, not all the questions in the 
particular ‘advanced’ paper from which this is taken contained 
experimental problems as difficult as this: the next ones included 
the determination of ‘g’ by means of a simple pendulum, and the 
determination of Young’s modulus by stretching а wire.) 

This example is a half-hour question (from a paper in which five 


were to be attempted in 2} hours): 
m it a definition 


the erg and the joule. 


one newton is the name ‹ 
€ kilogram and the second, as the units O 


5 КОШ the newton, an I ‹ К 
ow that, on this system, the unit of work is the joule. . ү 
Ow would you attempt to find the output of mechanical power, 1n 


Watts, of a small electric motor? 


The marking scheme (the candidates we 
heard of the newton) was as follows: 


Statement of the second law of motion 
erivation of P = ma 
efinitions of the dyne, erg, joule (1 mark each) 
Р efinition of the newton i 
roof: 1 newton = 1 Kg. x 1 metre sec. _, 
= 1000 gm. x 100 cm. ѕес: 7° 
= 10° dynes 
Proof: 1 newton-metre © dynes x 100 cm. 
А = 107 ergs = 1 joule М ^ 
ny reasonable method of finding power output, including how to 
calculate the result in watts 


Total 


re not expected to have 
Marks 
9 


whe 


[Slo won 
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The marking of the first six parts becomes almost automatic; 
answers are either right or wrong. The marking of the last part is a 
matter of judgement on the part of the examiner. Mistakes should be 
underlined and the marks for each párt placed on the right-hand side 
(paper with two margins is best). When the answer is marked, the 
total is added and placed on the left-hand side. Then the other 
answers are marked in the same way. The marks on the right-hand 
side are added and the totals placed at the head of the paper. The 
marks on the left-hand side, for each question, are written down in 
the mark book and added. Finally the two totals, in the book and on 
the paper, are compared. If they are not the same the error must be 
found. This sounds a long process, but it is quickest and simplest in 
the end, and it soon becomes automatic. 

Numerical problems: let us take another example. The following 


is, of course, only a part of a half-hour question, and 8 marks were 
allotted to it. 4 А 


A bottle contains saturated air and some water at 20° С. It is sealed 
when the atmospheric pressure is 75:0 cm. of mercury. It is then heated to 
100* C., some water still remaining in the bottle. What is the new pressure 


in the bottle? (Saturation vapour pressure of water vapour at 20° C. = 1:8 
cm. of mercury.) 


First let us work out the answer: 


Pressure of water vapour 
-. pressure of ‘dry’ air = 75 — 1:8 


-. pressure of ‘dry’ air at 100? C. 


1-8 cm. of mercury 
73:2 cm. at 20° C. 
13:2: X 313° ССН, 

293° С. 
93-2 cm. of mercury 
76:0 cm. of mercury 
93-2 + 76:0 
169-2 cm. of mercury. 


Wl 


But pressure of water vapour at 100° C. 
-. total pressure at 100° C. 


A correct answer, sufficiently explained to show that the pupil under- 
stands the method and has correctly applied it, gets 8 marks. It does 
not have to be set down exactly as shown above. Arithmetical errors, 


13:2:x« 373 


e.g. working out —— > and making it 91-7, might lose 2 marks 


293 
for each error (having made this particular error, the candidate should 
get the answer 167-7 cm. of mercury, and he then receives 6 marks). 
Too many figures (e.g. 169-22 cm.) loses a mark. Absence of units 
(e.g. 169-2) loses a mark. Errors of principle (e.g. adding 75 instead 
of 76 in the last line) lose more than 2 marks, perhaps 3 or 4 in this 
case, but some errors may be such as to show complete inability to 
tackle the problem, and the pupil is then given no marks. 
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Sources of marks 


Examinations of the three kinds mentioned above are not the only 

material to be marked. We alsó have: 

(d) Work done in class, chiefly numerical problems. (Here a physics 
lesson may sometimes, but not often, resemble a mathematics 
lesson.) Having been shown how to do similar problems, pupils 
start work on questions set on the blackboard, or in their text- 
books. Meanwhile the teacher walks round assisting individuals. 
Once or twice the class is stopped while answers are read aloud, 
Ог, perhaps, the method of working the problems has to be 
revised. Such stoppages should be reduced to a minimum. Marks 
for this classwork need not always be given; if they are, the teacher 
should collect the books and mark them himself, or check the 
pupils’ marking. f 

(e) Laboratory ^work. (For details about the writing-up of experi- 
ments, see pages 91-2.) Books should be collected at intervals 
and a mark given for good experimental accounts and neat 
presentation. It need not be a high mark, otherwise we shall find 
that the pupils at the top of the class are not those best at Physics, 
but those who have the greatest skill at writing and drawing. 

(7) Home-work, or other work done without the teacher's direct 
Supervision. Learning work is normally tested by *point tests’ as 
already described. Written work, whether descriptive or numerical 
problems, should always be ‘easy’ in the sense that pupils know 
exactly what they have to do, and have already accomplished 
similar work in class. We should expect at least one-third of the 
class to get full marks. If the home-work set is too difficult, then: 
(i) the conscientious pupil may spend far too much time in an 
attempt to accomplish all of the task set; (ii) pupils may attempt 
one problem after another by an incorrect method. This is worse 
than a waste of time and would not happen in the class-room or 
laboratory, where the teacher checks the work as it is done, and 
errors are readily pointed out. For this reason, and for the reason 
that frequently there must be some doubt as to how much help 
from other sources a pupil has received, the number of marks 
given for home-work should not be an undue proportion of the 


total. 


Corrections—Answers to point tests are written on the board, and 
that is the end of the matter. Whether practical and written examina- 
tions are corrected depends on the time available. Incorrect labora- 
tory accounts and results must be put right, the experiments being 
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repeated if necessary. Rewriting of numerical problems is not norm- 
ally advisable; it is better to point out the errors and let the pupils do 
similar examples with different figures. Written home-work should be 
easy and therefore the number of ntistakes should not be large; in 
many cases corrections may be inserted before the pupil goes on to 
the next piece of home-work. 


Summary: 
Sources of marks 


Tests Classwork Home-work 


(not overweighted) 


Point tests Practical Written 
(marked by examinations} | examinations 
pupils, marked by marked by 
checked by teacher teacher 


teacher) (infrequent) 


Lab. work Numerical problems 
occasionally done in class— 
marked by (marked by class, 
teacher 


checked by teacher) 


This chapter is not intended to set forth a rigid scheme of setting, 
marking and correcting. It contains suggestions that we can usefi ully 
bear in mind. But there is no rule in these matters, and the schemes 
suggested (as with all else in this book) should be applied with 
elasticity, in accordance with local conditions. 


External examinations 


The system of external examinations, despite attacks made on it in 
recent years, and despite the development and improvement of other 
methods of testing (school record cards, internal examinations, per- 
sonal interviews and intelligence tests), remains firmly entrenched in 
the educational systems of most countries. This is not the place in 
which to discuss the case for and against abolition of some, at any 
rate, of the public examinations to which our pupils are subjected.* 
Even in the same country, schools are so diverse in nature that some 
common yardstick, namely, performance in an external examination, 
may be, for many years to come, the only way of comparing the 
attainments of their pupils. 


* An excellent presentation of the arguments for and against examinations 
will be found in Chapter I of the so-called “Norwood Report’: Curriculum and 
Examinations in Secondary Schools, Her Majesty's Stationery Office, London. 
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nter for an external examination, the teacher 


should make it his business to see that they understand thoroughly 
such details as the time and place of the examination, and what they 
must bring with them—pens, pencils, drawing instruments—will 
logarithm tables be available?—are slide rules allowed?—and so on. 
He should be familiar with the syllabus and, if possible, he should 
have consulted papers set in previous years and discovered the 
standard of attainment required. Pupils should have worked through 
а considerable number of such previously-set questions. They should 
know how many questions they have to answer in the given time (e.g. 
5 questions out of 9 in 24 hours, that is, half-an-hour for each answer). 
They should be told to take careful note of the instructions at the top 
of the paper, to read through the questions thoroughly before start- 
ing, to decide which question to tackle first, and not to be stampeded 
by the candidate next to them who picks up his pen and begins to 
Write furiously the moment he sits down. They should be reminded 
that, if 20 is full marks for a question, they will not get even 21 out 
of 20 however well, and at whatever length, they write the answer. 
Therefore they should answer the full number of questions required, 
and not spend all their time on one or two answers. Again, the 
number of marks received is by no means proportional to the number 
of sheets of paper used; the candidates who reach 80 per cent. or 90 
per cent. usually write concisely and to the point. Answering six 
questions when five are asked for is not advisable; at best the ex- 
aminer omits the marks obtained for the weakest answer, though he 
might, more drastically, simply refuse to mark the sixth answer. 
Above all, the candidate should try to answer the question asked and 
Dot (as so often seems to happen) some other much longer question 


of his own inventing. This gets few marks and exasperates the 
examiner. Writing out the question, or some paraphrase of it, is 
he time both of candidate and 


another procedure that wastes t 

examiner. 1 
The examination is nothing to be afraid of; it is not a duel of wits 

between the candidate and an examiner who is trying to trip him up. 

The questions, admittedly, are often searching, but the examiner is 

looking for points in the candidates! answers for which he can give 


marks; he is not hoping to produce failures. 


Before his pupils е 


CHAPTEI. XVI 
Science Clubs and Societies 


The value of science clubs 


A flourishing school science club assists and supplements the more 
formal training in science received in lesson periods, and so plays a 
valuable part in the education of secondary school pupils. It broadens 
the subject: 


beyond the limits of the syllabus, links school studies more firmly to the 
outside world and the pupils’ own interests, affords better opportunities 
for self-expression, and to some extent makes possible an appreciation of 
the nature of research; corporate activity is enhanced, and, sometimes, 
interdepartmental barrie.s may be more readily broken down; manual 
skills are practised, boyish ‘instincts’ are turned to good employment, 


and occasionally a spark of interest is fanned into a lifelong flame of 
enthusiasm. * 


Or again: 


If the future belongs to youth and to science, then there is a vastly 
more important place for science clubs in the scheme of things that are 
to be. . . . The informal science clubs, squeezed in after school with the 
help of a teacher-sponsor, or the equivalent gang that makes models, or 
builds a radio set, or does chemical experiments, or collects insects, getting 
together in the precious free time left after school or on Saturdays and 
Sundays—these groups have quite as much educational value and purpose 
as the 9 to 3 (or whatever it is) schedules.+ 


The authors of these two quotations were discussing the need for 
science clubs, and what they can achieve, in two of the more scienti- 
fically advanced countries of the world. Ina tropical school a success- 
ful science club may pose much greater problems but can be of even 
greater value. Few boys and girls in tropical countries are likely to 
have access to tools and materials, to a small workshop or shed 
where they can make things or attempt simple experiments, to 
popular scientific literature, to talks and lectures given by local 
scientists, or to broadcast and televised scientific material. A science 
club which, to some extent, makes good these deficiencies is, there- 
fore, all the more necessary. 

* From an article entitled ‘School Scientific Societies’, by Е. Н. Brightmann 
and G. R. Sharp, School Science Review, March 1951, p. 150. 

Т From a speech made to science teachers of Cleveland, Ohio, U.S.A., by 


Mr. Watson Davis, quoted in Unesco publication NS/PSI/3 of June 1949, 
Popularization of Science through Science Clubs. 
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What can the club do? 


A club programme may contain passive items, when members listen, 


watch and mentally absorb; and active ones, when they do and 
arrange things for themselves. The more ‘activity’ that can be intro- 
duced the better, but lectures and film-shows and visits can usefully 
form a substantial part of the programme. 

Lectures and demonstrations on scientific subjects may sometimes 
be given by members of the staff, but only if specially pressed to do 
so by pupils, and if no one else can be found. Pupils may, perhaps, 
hear enough of their teachers during lesson hours—it is safer for a 
teacher to assume this until his pupils persuade him to the contrary! 
A new teacher might well be asked to give an ‘inaugural’ address, but 
if possible, speakers should be drawn mainly from outside the school. 

A type of ‘lecture’ which is often very popular, and needs active 
Participation oh the part of some members at any rate, is the sym- 
Posium of three or four pupils talking and demonstrating for, say, ten 
to fifteen minutes each, on topics that may be quite unrelated to each 
other. Very few boys or girls can keep an audience awake for an 
hour! but almost any of the more intelligent among senior pupils will 
have some hobby, interest or special knowledge, upon which they can 
discourse for ten minutes, with subsequent discussion. The teacher 
himself may often learn a great deal by the use of this method! 

The science club can usually make good use of projectors, film, 
film-strip or lantern slide, if available. Cinema films in particular are 
always highly popular, and in some countries, films may be hired free 
of cost from industrial concerns, government departments or repre- 
Sentatives of overseas countries. (These matters are discussed in 
Chapter XVIII, but what is said there about preparation and follow- 
ир of a film cannot be applied to the same extent when the film is 


shown to a voluntary science club.) a 
_ Another common activity is the outside visit to places of scientific 
Interest in the neighbourhood—farms, factories, railway and shipping 
centres and warehouses, water supply services, electricity or gas 
supply schemes in being or projected, hospitals, newspaper printing 
works, etc. The scientific value of some of these visits may not be 
great, but pupils get to know what goes on in their own locality, ‘how 
the other man lives’, and even what jobs may be available when they 
leave school—the gain is often more sociological than scientific. 
Every member of the club can take some part in the club exhibition 
or ‘open day’, often on a day when the school as a whole is ‘open’ 
for visits by parents and others interested. Members, singly or in pairs 
ог groups, can all set up and demonstrate some piece of apparatus, 
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to visitors and other members. Very often this is the only information 
that some parents acquire, if they have never learnt any science them- 
selves, about what goes on in a school science laboratory, and the 
sorts of things their sons and daughters do there. No member of the 
club is so young and inexperienced that he cannot take some part in 
such an exhibition. 

A large field of activities is, of course, open to the more biologically 
minded. There is, for example, the collecting of data about the dis- 
tribution of local flora and fauna, and observations of the results of 
attempts to grow plants in various soils and under different condi- 
tions. Those more interested in Physics and constructional work can 
make models of various kinds: of a scheme for the generation and 
supply of electricity, for example. If a large set of constructional parts 
is available, larger engineering models can be undertaken as a group 
project. 

Meteorology is another possibility, and a group of members may 
take daily readings of temperature, barometric pressure, rainfall and 
humidity (with a wet-and-dry bulb hygrometer). A home-made 
“Stevenson screen’ can be constructed. A simple form of sunshine 
recorder, and anemometer (wind speed measurer), may also be 
obtained or constructed. Readings should be tabulated and plotted 
on charts, and interest is enhanced by exchanging such recordings at 
regular intervals with a school in another part of the country, where 
the climate is markedly different. 

There are, of course, activities that may be initiated by a science 
club, but which are so specialized that they are best undertaken by a 


separate society: for example, photography, or radio constructional 
work. 


Starting and running a science club 


The club should not be imposed by superior authority—if it is, pupils 
are likely to consider it as just an extra lesson period, and see no 
reason why they should be particularly interested, or why they should 
feel any responsibility for its success. The demand should come from 
the pupils: ideally, the first approach is from senior boys or girls 
asking for the assistance of the science master, or science staff, in 
starting the club. This demand can, of course, be stimulated in 
indirect ways; the idea can be put into pupils’ heads—a remark 
dropped casually now and again—‘if the school had a science club, 
we could do this, that, or the other (interesting visit, talk, film, 
constructional project)’—‘at a school I know of, the science club did 
so-and-so’. 

A democratic procedure should be adopted right from the start. 
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After a preliminary informal talk with the pupils who ‘approach’ him 
on the subject, the teacher suggests that a meeting of all those 
interested should be called by a senior pupil or group of pupils. He 
agrees to approach the headmaster to obtain sanction for the forma- 
tion of the society—or gives advice about pupils obtaining sanction. 
He attends the meeting but agrees to accept only an office which, 
nominally at any rate, carries no administrative duties. He may be 
president, or vice-president if the headmaster is to be the president. 
A small committee and a secretary are elected from among pupils. If 
a wide age range is covered, some committee members should be 
chosen from the younger pupils. The assembly is asked for sugges- 
tions about the most convenient times and places for meetings, how 
frequently these should take placesand what kinds of activities the 
club should pursue. These suggestions are noted but decisions are 
left for the first meeting of the committee. Here, after the election of 
a chairman, tlie committee decides on the nature of the first full 
meeting, and considers all the other points that have been raised. The 
teacher is present, giving advice and making suggestions, sometimes 
tactfully pointing out the impossibility of the more grandiose projects 
that may be put forward. The proceedings are democratic, but the 
teacher, with his advice and experience, can very largely direct the 


club in the way it should go. 
When the club is in full swing, meetings should be planned for a 
term or a year ahead. A fixture card may be issued. | 
1 So much depends on circumstances that no general advice can be 
given here about the many practical details to be decided. Should 
membership be open to all, or limited by age? or by a maximum 
number that can be allowed into the club? Should a subscription be 
Charged? Should a cyclostyled or duplicated 'club journal' be pro- 
duced? If the school is a boarding school, much more work of a 
‘project? or ‘constructional’ nature can be undertaken—to some 
extent the club becomes a society for the pursuit of members’ 
hobbies. Members should be appointed in turn to introduce speakers, 
and to propose a vote of thanks afterwards—but they should pre- 
viously be ‘primed’ by a member of staff, who sees that they know 
what to say and how to say it. The secretary keeps the minutes of the 
Meetings (including committee meetings); he also writes letters to 
Speakers (including a letter of thanks afterwards), arranges outside 
visits, etc.all these letters should be seen and approved by a teacher 


before they are sent. Pupils obtain from а society of this kind a great 


deal of knowledge and savoir-faire that has nothing to do with 
r education. 


Science!—but it is all part of thei › { ‘ 
The above remarks, on how members might run their own science 
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club, presuppose that the senior members are pre-university pupils of 
ages up to 18 or more. If the maximum age is less than 17, then the 
teacher must expect to give guidance to the club in a more open and 
direct fashion, although pupils should still be allowed to take as much 
responsibility as they are capable of bearing. 


Relations with other science clubs 


Joint meetings in which two or more science clubs take part are 
often impossible in tropical countries where schools tend to be 
isolated. However, where there are science clubs in schools in the 
same town, opportunities of holding occasional joint meetings should 
be taken; if numbers are larger, lectures, demonstrations and visits 
can be more ambitious. In addition, members have opportunities of 
meeting and talking to pupils from other Schools, perhaps with 
different backgrounds and interests. If separate schools for boys and 
girls are the rule, then the joint activity provides one easy and natural 
way for the sexes to meet, and gives them a common interest. In some 
large towns co-operation has gone further, and joint committees 
representative of all local schools have been formed, so that all 
activities are in common. Sometimes the initiative for this has come 
from outside the schools, from a university or university college, or a 
Science museum situated in the town, or from the local educational 
authority. In all these cases the aim of the sponsors should be 
guidance and suggestion rather than direction, and a full share of the 
work and responsibility should be borne by the pupils themselves. 
National affiliations of science clubs have been formed in some 
countries, notably in the United States of America, where the 
organization known as the ‘Science Clubs of America’ had, in 1955, 


no less than 5,000 science clubs affiliated to it, including five hundred 
in forty-eight other countries.* 


* No charge is made for affiliation, and a handbook on how to organize a 
Science club, and its various activities, is obtainable free of charge from : Science 
Clubs of America, 1719 N Street, N.W., Washington 6, D.C., U.S.A.—see 
Unesco document mentioned in the footnote on page 190. 


PART IV—VISUAL AND AURAL AIDS 
TO TEACHING 


CHAPTER XVII 
Various Teaching Aids 


One truth has constantly been emphasized throughout this book: 
that the most effective aid to learning is the handling, by the pupils 
themselves, of apparatus and materials. Practical work, whether 
individual or group, and class demonstration are the physics teacher's 
most useful form of ‘visual aid’. Next in value is that most familiar 
teaching aid; so frequently taken for granted, the blackboard (chalk- 
board). Then there are pictorial aids: pictures, diagrams, drawings, 
photographs, charts, plans, posters, each of which may have its par- 
ticular use during the course of a lesson. For speed, emphasis and 
ease of repetition „with junior pupils, the ‘flannelgraph’ may have 
advantages. There are also ‘3D’ (three-dimensional) visual aids, 
namely, working models. In some places, the use of aural aids such 
as radio (broadcasting), tape-recorders and, perhaps, the gramophone 
may be possible. Lastly there are the ‘projection’ methods which most 
People immediately call to mind when ‘visual aids’ are mentioned— 


the use of the /antern (or slide projector), the episcope (which projects 
Pictures printed or drawn on paper), the film-strip projector (which 
may also be used for 2 x 2 inch slides), and the film projector (for 
moving films, sound or silent). 

When we consider the formidable list of visual aids mentioned in 
the last paragraph, we realize that a chapter (or two) dealing with 
their uses is bound to be intimidating in its length and detail. So let 
it be stated at the outset that no teacher, except perhaps a visual-aids 
Specialist, can be expected to be expert in the use of all of them. Every- 
One uses a blackboard; but what else, if anything, is used depends 
entirely upon the experience and inclinations of the teacher, and on 


what facilities are available to him. 


The blackboard 
The blackboard, if well pl 
Power of attracting and holdin 


К * For suggestions about the siting of blackboards, 
ее Chapter XII. Ў 


aced * and well used, has ап astonishing 
g attention, and is the greatest aid to 
surfaces, illumination, etc., 


196 VISUAL AND AURAL AIDS.TO TEACHING 


teaching ever invented. It offers facilities for immediate presentation 
and for sudden erasure, for the development of an argument line by 
line under the watching eyes of the class or for the Systematic demoli- 
tion of a fabric of errors. Mathematica: working may be shown in its 
entirety; mistakes may be rubbed out and corrected. Difficult dia- 
grams can be built up from their elements; alternatively, by erasure 
from the completed figure, they can be analysed into simple con- 
stituents. Diagrams can frequently be drawn on the board overnight, 
provided some agreed code (such as the conventional ‘Please leave’, 
with the teacher’s signature) prevents would-be helpers from rubbing 
them out. Finished work, not intended to be seen immediately by the 
class, may be obscured by cloth or brown-paper pinned from the top, 
and may be revealed as required: this can save time and labour when, 
for example, the teacher is ‘driving home’ a lesson by means of a 
‘short-test’ set of questions. 

«Pupils tend to adopt a standard of workmanship similar to that 
which they see before them, so the teacher’s blackboard work must 
be neat and well arranged; Ithough he should develop the ability to 
draw, freehand, straight línes and circles more quickly than the use 
of instruments allows, he should not disdain the occasional use of 
board-rulers, squares or compasses. Now and again he should inspect 
his own handiwork from tne viewpoint of the back bench, or the 
corner seat in the back row—sometimes a salutary experience pro- 
ducing increased respect for pupils’ visual abilities! An inexperienced 
teacher often starts by drawing a very large diagram right in the 
middle of the board. The next piece of work goes into the top left- 
hand corner. Next he writes sideways, on the right. Then he has to 
put some very tiny writing in the bottom left-hand corner. At the end 
of the lesson, the blackboard surface presents complete chaos. This 
is because he did not, at the Start, consider how much work would 
have to appear, and plan its presentation to best advantage. He is 
then faced with the alternatives of making a muddle, or of rubbing 
out work he wants to retain. A teacher who has to put several items 
on à blackboard during the course of a lesson should divide the 
board into sections, either mentally, or actually, by means of chalk 
lines. Written words should be of a size big enough for easy legibility 
by the pupils furthest from the board —an important. matter in large 

aboratories. Writing should rarely be less than one inch in height. 

(е teacher's script work should be good. We should, each of us, 

ave our own individual style, but it should be a style free from 
obvious faults of a kind that we do not wish the class to сору. For 
example, the author once had a habit of writing the letter *f* with 
the lower loop reversed. This practice was soon cured when the 
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same fault was found to be reproduced in one exercise book after 
another! 

Pupils may be allowed to express their ideas in diagrammatic form 
on the blackboard, or to make alterations or corrections. pupil 
should not be asked to write more than a word or two, however, 
because of the time taken, and also because the writing is almost 
always illegible. 

It is sometimes said that the teacher must never knowingly write 
or draw anything on the board that is incorrect. This is going too far; 
it is a good idea, on occasion, to draw a diagram incorrectly, for 
example, that of the circuit of an electric bell, and ask pupils to make 
the necessary corrections.—Fault-finding is good training. But nothing 
incorrect should be allowed to remain on the board. Pupils point out 
the errors and the necessary corrections are made at once. Again, 
when the teacher inadvertently makes a mistake, he should receive 
the class’s correction gratefully and with 4 word of approbation. 

A remark about the use of coloured chalks appears on page 157: 
Three further hints may be given: first, the sticks of chalk usually 
supplied to schools have too shiny a surface to write properly. The 
experienced blackboard writer breaks the stick in half and writes with 
a broken end. (Incidentally, blackboard ‘chalk’ is not chalk; it is 
usually calcium sulphate.) Second, when writing on paper, the fingers 
are moved while the wrist and arm are kept stiff. When writing on 
the board, the arm is moved while fingers and wrist are kept stiff. 
Third, the teacher should develop the ability to write on the board 
without obscuring what he is writing from the class; also he should 
not turn his back to the class for long periods. 

The blackboard has two disadvantages: 

ded, and much space is 


(1) Much time and labour must be expen 
required, when a number of complicated diagrams are needed in 
one lesson. Moreover the diagrams cannot be retained for the 
corresponding class in the next year, perhaps not even for a 
similar class next day: all the work must be done anew. 

(2) The blackboard cannot display pictorial material, such as photo- 
graphic illustrations, the use of which introduces a greater element 

of reality into the class-room. 


The ‘flannelgraph’ 

Th pmaterials for this piece О 
obtained. Bright colours can be us 
the eye, especially for younger рир! 
used by pupils themselves over and over aga 
then be stored for use the next week, next term o 


f equipment are cheap and easily 
ed, making the results attractive to 
ils. It is quickly assembled, can be 
in, and the pieces can 
r next year. 
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The background material is a piece of flannelette—preferably white 
for most purposes. The size depends on the size of the room in which 
it is to be used; 3 x 2 feet is generally suitable, but 4 x 3 feet is 
better in a large laboratory. The flannelette is pinned on the display 
board or on wooden planks, or Stretched between battens, or fastened 
to two rollers and hung up vertically, or mounted in any convenient 
way. The rougher side of the material (if there is a choice) should be 
towards the class. Pieces of other materials—flannelette, thin felt, 
rough paper—placed on the background flannelette, will be found 
to adhere firmly and to remain in position indefinitely, but they can 
readily be rearranged or removed and put elsewhere. The most con- 
venient material to use with the flannelette is blotting-paper. This is 
easily obtained, in many different hues, and in large sheets from which 
suitable shapes may be cut by scissors or a razor-blade. If white 


In mechanics: examples of stable, unstable or neutral equilibrium (a cone 


in various positions on a flat surface; a ball on a concave, flat or convex 
surface). 


In /ight: illustrations of eclipses. (Cut-out circles represent the earth 
and moon, and cut-out dark cones their Shadows. A very large circle of 
paper placed in the plane of the flannelette, but at a distance from it, 


Short strip of gummed paper stuck on blotting-paper to represent the 
battery, and circles marked ‘A’ and *V^ for the ammeter and voltmeter. 
Pupils put these in position and ‘join’ the circuit by using pieces of black 
or coloured wool laid on the flannelette between the ‘components’, This 
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is even more useful for complicated circuits such as that of a metre wire 
bridge. Drawing pins may be stuck in at the ends of the resistors and 
other items, to represent terminals.) 

The above examples show that the use of the ‘flannelgraph’ is 
particularly suitable for younger and less experienced pupils, who 
need considerable repetition and individual testing. 


Wall charts and diagrams 
( The chief value of prepared diagrams is that they are ready without 
loss of time at the moment they are needed, and that they can be used 
again and again over a period of years; yFurther, а diagram, such as 
that of the distribution of electricity from a hydro-electric scheme, 
may become too complicated to be successfully built up on a 
blackboard. 
Many useful charts and diagrams are obtainable free of charge, or 
at a nominal price, from American, British or European automobile, 
engineering, chemical and other industrial concerns. Members of the 
National Science Teachers Association of America, including over- 
Seas members, receive packets of such materials regularly, without 
having to ask the firms concerned. However, much of this is of sur- 
Prisingly little value, presumably because it is produced in the first 
place as advertising material directed at the general, non-scientific, 
public, Charts, etc., that have been produced specifically for use in 
Schools, sometimes with the assistance of experienced teachers, are 
much more useful. These include charts of the four-stroke cycle of an 
internal combustion engine, the ignition system of an automobile, the 
compound microscope, the cathode ray tube, the optical system of the 
human eye, the extraction and distillation of petroleum and the use 
of under-water echo-sounding systems for finding depth. A teacher 
ina tropical, non-industrial, country is not likely to discover, without 
Some effort, the exact sources of such publications. His best plan, if 


he has no ‘inside knowledge’ at all, is to look out for advertisements 
—of firms and organizations who may be 


—in any paper or magazine 
in the right line of business, and then write and ask for what he wants. 
For example, if he needs a picture of a jet-engine, he may discover 
that a certain firm makes such engines, and a letter to the firm’s head- 
quarters may produce what he wants. If he is completely at a loss 
for the address of a suitable organization, he may be able to ask 
advice from the Embassy or Legation of a country in which such an 
te to the Secretary of the 


Organization is situated. Or he may wri 
Science Masters’ Association of Great Britain, or the National 


Science Teachers’ Association of America, who may be able to give 
advice. 
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However, the best and most useful wall diagrams are likely to be 
those prepared by the teacher himself, or by a group of pupils acting 
as a team. Many useful examples come to mind: ray diagrams of 
lenses and optical instruments, the make-up of cells and accumula- 
tors, wave motion in sound, the uses (and nuisances) of thermal 
expansion, illustrations of Archimedes’ principle—to choose one 
example from each branch of Physics. Some, such as those concerned 
with history and requiring a little research into books (the develop- 
ment of the electric lamp is one example), are best done as team 
efforts. The local water and electricity supplies (if any) are good 
subjects, enabling pupils to search around and find the whereabouts 
of particular taps, switches, pipes, cables and other services. Geo- 
graphical, geological and botanicai maps are, of course, outside the 
scope of Physics, but large-scale local charts are not usually obtain- 
able in tropical countries, and the making of such maps has great 
educational value as well as permanent interest, : 

/Means for the display of large diagrams, on fibre-board wall sur- 
faces, or on frameworks of Soft wood, have already been mentioned 
(page 158).(Charts and diagrams may frequently be left pinned up 
after the lesson concerned, so long as they do not inconvenience other 
teachers. This not only allows pupils to study them at greater leisure, 
but may^also arouse the interest of other classes. However, such 
material should be taken down after, say, one week, and stored away. 
Walls covered with yellowing and curling charts and newspaper cut- 
tings, of which no notice is taken, have a depressing effect on every- 
one entering the room. 


Making wall diagrams — Diagrams may be copied by tracing, or other 
mechanical devices (see the notes under the next heading), or they 
may be original drawings or cut-outs. The teacher will probably use 
the drawing materials available in the school; ‘cartridge’ drawing 
paper and large coloured crayons are the obvious requirements. 
Several sections or illustrations may appear on one sheet, separated 
from each other by bold indian-ink lines. Or the diagrams, instead 
of being separated, may consist of sequences, with the portions linked 
by indian-ink arrows. Another method uses, as base sheet for the 
illustrations, a sheet of white paper or card (e.g. *Bristol board’, about 
30 x 22 inches, a size known as ‘Imperial’). Each illustration is 
designed separately, cut out and gummed to the base sheet. Coloured 
papers are useful for this purpose. Titles and other lettering may be 
inserted freehand or, better, by the use of letter stencils. The funda- 
mental idea is to produce a bold, clear, simple chart without undue 
elaboration or unnecessary detail. 
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The copying of diagrams — The obvious method of taking an illustra- 
tion from a text-book or other source is to trace it on to tracing-paper 
or any other partly transparent paper that can be obtained. The 
diagram is visible through the tracing-paper pressed down on it, and 
a tracing is made with pencil. The tracing-paper is then transferred to 
the final surface, fastened down, and the diagram is traced round 
again, producing an indentation which can be sketched in, in the 
colours required. Alternatively, carbon paper may be used between 
the tracing-paper and the final surface. 

Such tracings, however, are rarely large enough for display 
Purposes. An episcope (page 206) is useful as an aid to drawing 


rejection lens ; 
brought forward "Pip? 


FIGURE 37.—The episcope as an aid to making an enlarged copy of a diagram. 
(The projection lens Р а forward until a picture of the required size is 
produced on the drawing-board) 


e. The projection lens may have to 


illustrations of an increased siz i t 
ter distance, as shown in 


be pulled out and supported at a grea 


Figure 37. T ] 

A perspective view of a large object may be obtained by the “реер- 
hole? method. A glass sheet and а fixed hole are used as shown in 
Figure 38. The perspective view is traced on the glass with a wax- 
pencil of the type used for writing on glass, and the picture so 
Obtained can then be transferred to the final display paper by tracing 
in the usual way. Alternatively, it may be enlarged by the episcope 
method, or, if the glass is small enough, by the use of a projection 
lantern. 
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object required 
8) perspéctive 


FIGURE 38.—A method of drawing in perspective 


Small pictures, post cards, etc. 


In many parts of the world a constant succession of suitable 
pictures (in magazines, newspapers, children's books and papers, and 
from many other sources) are available to pupils with scientific or 
mechanical interests. These include exciting pictures of aircraft, ships, 
trains, cars, 'space-ships' and so on; sectional diagrams of loco- 
motives, automobiles, etc.; series of articles on *how it works', and 
"Professor So-and-so explains’; stories about stars and planets and 
*space-travel' ; and many other things not usually available to children 
in tropical countries. Many of these have faults and inaccuracies, * 
but they do make children familiar with scientific inventions and dis- 
coveries. It is all the more necessary, therefore, that every elementary 
laboratory in undeveloped countries should contain a collection of. 
pictures on scientific subjects, preferably coloured, and preferably on 
stiff paper. Photographs can frequently be obtained from the 
Publicity Departments of industrial firms or government-controlled 
organizations. Photographs of historic apparatus may be obtained, 
at moderate prices, either as enlargements or post cards, from science 


* Some of the so-called ‘comics’ are, for various reasons, highly undesirable; 
teachers in tropical countries are advised to scrutinize carefully any imported 
‘comic-strip’ magazines they introduce into their schools. 
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museums. * Some teachers like to collect pictures of famous scientists. 
Lest pupils acquire the impression that all famous scientists are very 
old and covered in whiskers, jt is better to purchase, not the last 
portrait or photograph made just before a scientist died, but one 
taken when he was younger, at the time of his most important 


discoveries. 


Working models 
Among the various branches of Physics, electricity in particular lends 
itself to the construction of working models. The very first lesson in 
electricity may well’be the demonstration of a working model of a 
small steam-engine using methylated spirit as fuel and driving а 
generator from which current is taken to light a small pocket-torch 
bulb. The construction, from metal scrap and wire, of such a model 
may be beyond the powers of many teachers who have no special 
interest in metalwork, and have no workshop at their disposal; but 
the model may be obtained from a supplier of apparatus, or the 
individual items may be purchased and assembled. However, there 
are many things pupils could make, either as individuals or in groups, 
е.в, an electric bell mounted оп'а baseboard with battery and bell- 
Push, a morse buzzer with a battery key, or a microphone and tele- 
Phone earpiece system, working between tivo rooms. In places where 
a mains electricity supply is available, locally obtainable components 
should be purchased and used to make, for instance, а model of two 
lighting circuits similar to those in actual use in the school, including 
fuse boxes, distribution box, switches, wall plugs, lampholders and 
lamps. These may be mounted on short lengths of wooden planks, 
fixed together by cross battens and then wired by senior pupils. The 
Wiring must be checked by the teacher before connexion tothe pu 
he should always be present when the model is used and eu Dd 
example, the effect of a ‘short-circuit’ in blowing а fuse, v x 
replacement of the fuse, is demonstrated. This demonstration shoul! 
be followed (or preceded) by an investigation of the actual system 1n 
the school. 

So far as mechanical models are concerned, à large (toy 1) con- 
structional set of interchangeable parts is à most useful d 
for any school at which elementary Physics is taught. Full al s ana 
pictures of many models are given in the instructions supplie v | 
the set, and the teacher is saved much time in explanation. The коп 
With these sets, when used by pupils, is the extreme ease with whic 


_* E.g. the Science Museum, South Kensington, London, S.W.1.. Fagin 
Pictures of British scientists are obtainable fro > 


m The Nationa! 
ondon. 


T e.g. ‘Meccano’. 
T.P.—P 
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the small parts may be lost or taken away. Thus strict supervision is 
necessary. In tropical conditions, too, the parts quickly rust unless 


they are frequently rubbed with an oily cloth, and are always care- 
fully stored. 


Aural aids 


Broadcasting, tape-recorder, gramophone—these deserve a brief 
mention here for the sake of completeness, but it is not expected that 
they will be available, or of much value, for physics teaching in the 
great majority of tropical schools. 

(a) Schools broadcasts have become a widely-used feature of educa- 
tion in many countries with a highly-developed system of radio- 
broadcasting stations. Вгоайсаѕі lessons contain features that 
cannot be available in a school laboratory. These include the use 
of actors to present dramatizations of incidents in scientists’ lives 
(Edison's invention of the gramophone, for example), and ‘re- 
constructions' of past, or even prehistoric, scenes. Such presenta- 
tions convey a sense of life and reality that cannot be obtained in 
any other way (except by means of the expensive sound film). 
Talks and discussions of a simple nature may be given with much 
greater authority by leading contemporary scientists, and the 
authenticity of such talks is much appreciated by pupils even 
when the subject matter is not fully understood. The broadcasting 
authorities often publish illustrated pamphlets and other material 
that may usefully be studied in conjunction with the broadcast 
lessons. 

Television, too, offers great possibilities; a demonstrator giving 
a televised lesson may assemble for the purpose a range of visual 
material beyond the resources of the individual physics teacher. 
Such a lesson may prove a powerful stimulus to both teacher and 
class. 

All these things are even more useful in ‘under-developed’ 
countries than in the countries where they are commonplace. 
Teachers in tropical countries should consider carefully the use of 
broadcast material as, and when, it becomes available. 

(b) The tape-recorder records sounds, received by a microphone, on 
a magnetic tape, which can then be ‘played-back’ through an 
amplifier and loud-speaker. The best machines have a quality of 
reproduction which is better than that of the best recordings on 
gramophone disks, but they are expensive * and can, of course, be 
used only where mains electricity is available. Most people con- 
sider that the purchase of such a machine is, so far as the teaching 

* About £80 or $200. 


(c) The gramophone has little 
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of Physics is concerned, an unjustifiable expense. However, if a 
machine is used in a school for teaching languages, it may also be 
found useful in the physics laboratory. For example: 

(i) Pianos and some other musical instruments cannot easily be 
brought into the laboratory, but the differences of pitch, 

.. intensity and tone-quality may be shown by the recorder. 
(ii) Changes in vocal tone caused by reproduction (in the tele- 
phone, etc.) may be demonstrated (not forgetting those 
r inherent in the recorder). 
(iii) Musical notes of different pitches, and produced by different 
instruments, may be fed from the tape-recorder into a 
cathode-ray oscilloscope, and the wave forms may be com- 
pared and contrasted. : 
The most obvious use of a tape-recorder is the recording of part 
or whole of a lesson for subsequent ‘play-back’ to the same or a 
different class. It may also be possible-to record some of the 
unjustified inferences and hasty generalizations commonly made 
by pupils, and the recording may be of considerable help to a 


teacher trying to encourage his class to think logically. 
direct use in a physics laboratory 


because suitable disk recordings are not available. However, a 


discarded but still workable instrument has various physical 
applications: for example, by use of the speed control, the teacher 
can demonstrate that the pitch of a note depends on the number 
of vibrations in a given time. Again, the motor, whether of the 
clockwork or the electric type, usually contains a governor which, 
though on a much smaller scale, is identical with that of a steam- 
engine in its principle of operation—centrifugal force acting on 
Tapidly revolving masses in the one case applies a friction brake, 
and in the other, shuts off the supply of steam. The gramophone 
turn-table, rotating at a constant and easily determinable speed, 
may also be used as a means of measuring small time-intervals. 
One method of determining ‘g’, by finding the time taken for a 
body to fall freely through a distance of a yard or so, depends on 
a time measurement by means of a rotating gramophone turn- 
table. For all these reasons, 4 gramophone, if it can be obtained 
cheaply, is a useful acquisition for a laboratory. (The quality of 
its reproduction is not important 1) 


СНАРТЕК ХУШ 
Teaching Aids Depending on Optical Projection 


(1) — ‘STILL’ PROJECTION 


All the instruments mentioned in this chapter depend for their oper- 
ation upon the same basic optical principle: a convex lens (or lens 
combination) throws on to a screen an image of a brightly illumin- 
ated flat object. The object may be an opaque picture which scatters 
light falling on it so that some ofthe light enters the projecting lens 
and forms an image; the instrument is then an episcope (Greek epi-, 
upon). Or it may be a glass or film transparency through which light 
passes to the projection lens; the instrument is then a diascope (Greek 
dia-, through) a name that covers the whole family of slide, strip and 
film projectors. An epidiascope is a two-purpose instrument project- 
ing either transparencies or opaque pictures. 


The episcope 


An episcope is designed so that light from a powerful lamp (or lamps) 
falls on the opaque picture, the concentration being increased by 
means of plane mirrors placed around the lamp(s). A plane mirror, 
placed at an angle of 45° over the object, reflects the light scattered 
from the latter, so that some of it goes through a large-aperture pro- 
jection lens, forming an image on a screen. In spite of the large 
aperture and short focus of the lens, the picture on the screen is much 
less bright than that which is obtained by using a slide projector 
under similar conditions. 

The great advantage of the episcope is that it projects pictures on 
post cards or in books, or any type of picture that can be placed 
horizontally. No specially made transparencies are required, On the 
other hand: 

(a) the room in which an episcope is used must be completely 
darkened; 

(b) and even so, the picture is comparatively dim; 

(c) delicate prints and pictures must not be exposed for too long а 
period to the heat from the lamps; 

(d) it is not so easy to put pictures into place in an episcope as to put 
slides in the slide-carrier of a ‘lantern’. 

Nevertheless the episcope’s ability to project any picture, without 
a special slide having first to be made, makes it a very attractive 
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projection instrument a 


instrument, and it may well be the second 
hased will probably be a 


school purchases. The first instrument purc 
film-strip and 2 x 2 inch slide projector. * 
The 'diascope' part of an epidiascope may project 2 x 2inch slides 
and film-strips, or, alternatively, 31 x 34 inch slides. 
A modern type of episcope may be removed from its stand and 
‘traversed’ across a large diagram or map laid flat on the bench, thus 


projecting the diagram one piece at a time. 


Types of screen 


All projectors throw a picture-image on to a ‘screen’. The screen 


may be translucent, with the projector behind it, that is, on the side 
away from the class viewing the picture. This is called ‘rear-projec- 
tion’. More frequently the projector is on the same side as the class 
and throws a picture which is reflected (scattered) from an opaque 
white screen—a method called *front-projection". { 
During recent years, rear-projection has become popular in tem- 
perate-zone countries. It is much cheaper, especially if the projector 
is to be used in more than one room, to buy a more powerful instru- 
ment and avoid paying for black-out blinds or curtains, than to buy 
а less powerful projector and pay for a complete darkening system. 
The bright picture obtained with a small translucent screen makes 
Such saving possible. Moreover, the translucent screen can be built in 
behind the blackboard, or a transportable projector-screen unit can 
be mounted on wheels. However, conditions in tropical countries are 
by no means similar. Full daylight in the tropics is very different from, 
say, the murky gloom of a northern winter afternoon, when the noon- 
day sun attains the splendid altitude of 15° above the horizon! More- 
Over, tropical class-rooms and laboratories are provided with more 
windows, most of which must be kept wide open. The daylight 
Picture, adequately bright in the temperate zone, is almost invisible 
in tropical conditions. For these reasons, а completely darkened pro- 
jection room, as an adjunct to the science block, is suggested in 
Chapter XII, pages 155-6, such a room being [provided with a forced 
ventilation system. А projector of normal type, used with an opaque 
front-projection screen, is quite adequate in these conditions. 


very approximately: 


* Costs in Great Britain (1956) аге, 5 
Еріѕсоре " n ha А . 5 А 
Flincstrip and 2 x 2 inch slide projector - 4 E Ыы 


Epidiascope . TUS 270 

Silent moving-film projector - Ў Ќ = йер. 

А Sound-film projector : . . . . ME йр 
П these price for instruments intended for use in a completely carkene 

room. A Pe a оо use in moderate daylight would cost £50-£60. 
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Front-projection screens — A portion of the wallis faced with smooth 
cement and painted with a non-glossy white paint (white undercoat- 
ing serves well). Whenever it gets dirty, it may be washed down. When 
it gets washed off, a new coating is the work of minutes. Such a white- 
matt screen gives good viewing to pupils at the sides of the room, as 
well as to those near the centre. 

If the wall is not flat, some other less effective and more expensive 
device has to be adopted, for example, a specially purchased white 
canvas screen that rolls up into a box. It may, of course, be possible 
to paste white paper over a wooden wall, and use that as the screen. 

There is much to be said for the beaded screen. This is made up of 
millions of tiny glass beads which have the property of reflecting light 
mainly along its own path. Thus'the screen has very marked direc- 
tional properties, and, within a viewing angle of 20? on either side of 
the perpendicular to the screen, the picture appears much brighter 
than it does on a white-matt screen. At about 30? with the normal, 
the beaded and matt screens are about equal. Beyond 30°, the white- 
matt screen gives much the brighter picture. If pupils may sit within 
the angle of 30° on either side of the normal to the screen, then a 
beaded screen gives the best results. Further, the colour is better, 
being *blue-white' in appearance compared with the ‘yellow-white’ of 
the matt screen. But if the viewing angle exceeds 30°, then a matt 
Screen is best. However, the beaded screen has disadvantages which 
must be set against its ability to produce a bright picture of excellent 
colour. It is expensive. It collects dirt, and therefore is usually housed 
in a special box on a spring roller, being pulled down when required 
for use. Though everlasting if carefully treated, it is easily destroyed 
by accident: if the surface is roughly scraped the beads come off and 
the screen cannot be re-surfaced, whereas, with the matt Screen, à 
touch of the paint-brush is all that is required. 

Screens are sometimes painted with aluminium paint instead of 
white—the old ‘silver screen’ of the cinema. A smooth unmarked 
surface is more difficult to obtain and, on test, the white surface seems 


to produce a result just as good, if not better, than that obtained with 
aluminium paint. 


The focal length of the projection lens 


The longer the focal length of the lens, the smaller and brighter the 
picture on the screen, assuming that the position of the projector 
remains fixed. Alternatively, for pictures of the same size and bright- 
ness, the greater the distance from screen to projector, the longer the 
focal length of the lens that is required. Manufacturers supply lenses 
to suit the convenience of customers. If the size of the picture required 
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is stated, together with the distance from the screen to the most con- 
venient place for the projector, then the supplier can provide the lens 
that fits the conditions. For front-projection, it is usually best to have 
the projector at the middle or back of the room rather than near the 
Screen, where it obstructs the view of many of the pupils; that is, а 
longer focal length lens is required. When rear-projection is used, the 
Projector is normally close to the screen and a short focus lens is 
necessary. Interchangeable lenses can be supplied if the same pro- 
jector is to be used for both front- and rear-projection. 


The lantern-slide projector (34 x 34 inches) 

This is an old favourite the big brother of the even older ‘magic 
lantern’, It is bulky, expensive and’not at all portable;* it uses slides 
that are fragile, yet heavy to carry around. But the picture is unsur- 
Passed in clarity, brightness and size, and, provided the black-out is 
good, is quite satisfactory even for a large hall. Many commercially 
Produced slides are available in this size. It is still true to say that 
visiting lecturers usually bring 34 x 34 inch slides, rather than the 
more convenient 2 х 2 inch slides or film-strips. 3} x 34 inch posi- 
tives can easily be made by direct contact printing from film negatives 
Of the popular 34 x 24 inch film size (‘120° roll film), or from 


"quarter-plate" (44 x 34 inch) negatives. н 
In consequence of the greatly increased popularity of the smaller 
Projector, second-hand 3} x 34 inch slide projectors are sometimes 
obtainable at low prices, and advantage should be taken of any such 
Opportunity of obtaining what is still a very useful instrument. Some 
teachers have become expert at drawing pictures of apparatus, etc., 
On 34 x 31 inch pieces of cellophane, either directly or by trecina 
from pictures in books. Such cellophane squares may easily be stored, 
etween the leaves of a book for example. Two lantern slide cover- 
plates are joined together along one edge only (‘hinged ) with a strip 
of adhesive paper or tape; the cellophane square 1$ placed between 
the glasses and is projected in the usual Way; then the square F 
removed and the next cellophane picture put in place and projected. 


Slide projector (2 x 2 inches): Film-strips 

This is an excellent instrument for class-room and laboratory use. 
It is cheap, light, efficient and readily portable: in fact such a D 
Jector, packed in its box, together with slides and strips, has often been 
carried in the basket of a bicycle (though this is not especially recom- 
mended!), The 2 x 2 inch slides have less than half of the weight of 
* This is especially the case when, as often happens, it is combined with an 
еріѕсоре to become an ‘epidiascope’. 
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the same number of 34 x 34 inch slides. The weight of film-strips is 
quite negligible, and forty pictures are easily stored in a small 
aluminium case not much bigger than a pill-box. Film-strips are 
photographed (as negatives) and contact printed (as positives) on 
short lengths of 35-millimetre cinema film. Two sizes of picture 
‘frame’ are in use: (a) 24 x 18 millimetres, which is known as ‘single- 
frame’ (or ‘ciné-frame’); and (b) 36 x 24 millimetres, which is 
*double-frame' (or *Leica-frame")—see Figure 39. The same projector 
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can be used with a slide-carrier to project 2 x 2 inch slides, or with a 
strip-carrier to project double-frame strips. By sliding in a 24 x 18 
millimetre mask, single-frame pictures can be projected (or, by omit- 
ting the mask, two pictures may be projected at the same time). It is 
usual to keep to one frame size, and one printing direction (vertical 
or horizontal) within a single film-strip. 

Commercially produced film-strips for school use are obtainable 
in large numbers from many sources of supply all over the world.* 


* The price is about 15s. or $2 for a strip of 30 black-and-white pictures. 
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If a camera of suitable size is available, teachers may easily make their 
own strips, unexposed ciné film in short lengths being very cheap. 
The strips may then be developed and printed on the spot, or pro- 
cessed elsewhere, according to the teacher's skill and interest in such 
matters. Instead of positives being made from the negative film, the 
latter can be ‘reversed’ to produce a positive at a somewhat cheaper 
price, though only one positive is then available, of course. Several 
makes of colour film are now available for amateur use, and these 
give excellent pictures in a slide or strip projector. As always, coloured 
pictures absorb more light, and the projector, screen and (possibly) 
partial black-out just satisfactory for monochrome projection may 


prove quite inadequate for coloured pictures. 


The use of slides and film-strips 


The use of slides calls for no special comment. Ideally, th 
is always available, and is used by the teacher to show the pictures 
needed at the time to illustrate the material of his lesson, just as he 
uses blackboard, wall diagrams or postcard pictures. In practice, the 
class may have to move into the special ‘projection-room’, and in that 
case it is best to wait until several pictures can be shown one after 
the other. : 

A film-strip may contain anything from ten to sixty pictures. 
Thirty, quite a common number, is probably too many to show to a 
junior class during the course of a single lesson, and in any case not 
all the pictures in a purchased film-strip are equally valuable. For these 
reasons, many teachers prefer to cut up the strip, either mounting the 
useful pictures in separate 2 X 2 inch slides that can be used in any 
convenient order, or rejoining the strip in the order preferred, omit- 
ting those pictures not required. If the class has to be moved into a 
darkened room especially to see а film-strip, then the lesson must 
inevitably be built around it. Film-strips vary so much in nature, and 

1 guidance about ‘film-strip lessons 


number of pictures, that no genera e \ I 
can be given. Like all other forms of teaching aids, they will not do 
There is need for adequate preparation 


the teacher's job for him. 

before the class sees the strip, and adequate follow-up afterwards. 
Methods of using film-strips may be similar, in fact, to the methods 
of using moving films (see part П of this chapter). 


e projector 


Group or individual study — Operation of strip projectors is so simple 
that individual pupils or groups of pupils working on a project, or 
assignments, may well be allowed to view pictures in a not-too-bright 
corner of the laboratory. A small beaded screen, about 2 feet wide 
by 18 inches long, is best for this purpose. Pupils studying the strip 
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should be given specific questions to answer. The questions may be 
worked out by teacher and class jointly in discussion, or may be pre- 
pared by the teacher in advance. 


Other uses of a 2 x 2 inch projector in a physical laboratory 


Some teachers have found the projector a useful instrument for many 
purposes other than the projection of pictures. Such uses include the 
following: 

(a) as a substitute for a ray-box; 

(b) in colour-mixing experiments of many Кіпаѕ:, 

(c) for convection and expansion experiments in heat; 

(d) in magnetic and electromagnetic experiments. (A small plotting- 
compass with transparent covérs at top and bottom is mounted 
in a suitable hole in a 2 x 2 inch square of ‘perspex’ or similar 
material. The effects of magnet poles on the needle may be 
demonstrated; wires to carry currents may also be mounted on 
the ‘perspex’. The working of ammeters, of an electric bell, and of 
a telephone earpiece may also be shown.* A micro-ammeter with 
a full scale deflexion of 500 micro-amperes can now be purchased T 
for use in the place of a 2 x 2 inch slide-carrier. The pointer and 
scale are clearly visible not only on a screen but also on a black- 
board. Many electrical experiments normally done on a bench can 
therefore be demonstrated to a class more conveniently than is 
possible by the use of a sensitive lamp-and-scale galvanometer. 
Pupils can mark in the readings in chalk on the blackboard.) 


(П) —MOVING-FILM PROJECTION 
Advantages and disadvantages of the use of films 


Still projection devices such as slides are logical developments of the 
blackboard and are used in much the same way: that is, they are 
adjuncts to the lesson. But a film is not merely an adjunct. It has its 
own method of presenting its subject, and so the lesson has to be built 
around it. 'The use of films is therefore a subject deserving special 
study. 

Undoubtedly the greatest advantage of the moving film is that it 
brings reality into the class-room to an extent not possible with any 
other form of visual aid, except, of course, television, or the real life 
educational visit. Both the latter have the disadvantage that they can- 

* For full details of these and other experiments the reader is referred to two 
articles by W. E. Pearce: *The Film Strip Projector as a Science Lantern— 


T & II,’ School Science Review, No. 112, p. 361; No. 113, p. 51. 
T Baldwin Instrument Co. Ltd., Dartford, England. 
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not be repeated immediately, whereas the film can be run through 
several times if necessary. A film can show a large-scale commercial 
process (such as the generation,of electricity, the electrolytic produc- 
he fractional distillation of crude oil) that 


tion of pure copper or t 
may otherwise only be talked about. These particular processes 


should all be demonstrated on a small scale in the laboratory, but the 
film links the laboratory experiment with the world outside. More- 
Over, recent discoveries, those on atomic physics, for example, can 
be explained and demonstrated in the film by the scientists concerned. 
Important discoveries of past centuries, for instance that of oxygen, 
may be shown on films by actors in the surroundings, and using the 
apparatus, of the particular period. 
k Secondly, films may show instzuctive and revealing experiments 
impossible to perform in the normal school laboratory. Examples of 
these are the films Sound Waves and Control of Body Temperature, 
discussed on pages 218-23. А 

If it does not contain too many new ideas, a film may be shown 
without previous introduction, at the beginning of the study of a new 
topic. It is then used to pose problems and lead to questions that 
encourage pupils to, undertake further investigation and discussion. 
For example, a descriptive film on steam-engines of various kinds 
may be used to initiate a study of how a steam-engine works. On the 
other hand, a film may be used to summarize and conclude the work 
on a particular topic. Thus the showing of a film on Simple Machines 
might suitably end the first topic in ‘mechanics’. 

These are great advantages, but there is the obvious disadvantage 
of the need for an expensive projector and a darkened and ventilated 
room. A solution of the latter problem is suggested in Chapter XII. 
A sound-film projector * occasionally needs expert servicing and 


repair. If, for servicing purposes it has to be sent long distances, 
unaccompanied, by rail, road or sea, then its purchase is not à very 
be serviced locally, or taken for 


£ood proposition. If, however, it can у 
the purpose to а neighbouring town by private car, then all should 
be well. Another disadvantage is that a sound-film projector appears 


to be a complicated box of tricks which many people are afraid to 
touch. This fear, largely unfounded, should not afflict a teacher of 
science (modern machines are almost ‘fool-proof’!), to whom the 
threading of the film round the sprockets should soon become so 
automatic that he can do it without looking. 

A projector should be in charge of one particular teacher in a 
school, usually the physics teacher, who is primarily responsible for 
its maintenance, and who holds the key of the cupboard in which it 

* Costing perhaps £200 or $500. 
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' is kept. He should satisfy himself that any other member of the staff 
wishing to show films does in fact know how to switch the machine 
on and off, and how to thread and focus it. The ideal method, of 
course, is to have a senior laboratory assistant who is competent in 
its use, and who is available for projecting films for any member of 
the teaching staff. 


Avoiding dangers 


The dangers referred to are psychological rather than physical: a 
person using a film projector is in no more danger of electrocution 
than is the same person using a table-lamp! 

First, films are not just an easy way out for the teacher. They will 
not do his job for him. Films repeatedly shown without adequate 
preparation, without any follow-up, without question and discussion, 
will do more harm than good, for they induce a *cinema atmosphere" 
into the class-room: that is, the passivity characteristic of the too- 
frequent cinema-goer. The film flows effortlessly over and round him, 
making no demands on thought, powers of correlation or memory: 
it is a sedative when it ought to be a stimulant. The teacher must 
spend just as much time upon the preparation of a film lesson as upon 
any other; perhaps more, because he may have only one day to make 
use of the film and cannot, as a rule, reshow it next week. He must 
certainly have seen the film beforehand, even if only on the previous 
day. 

Too many films may cause passivity or apathy. Twice a term may 
be regarded as a normal maximum for each class in one term; less, 
if films are being used for teaching several subjects other than science. 

Then there are the mechanical details of projection, to which 
attention must be given if the class is not to be subjected to strain and 
disappointment. The picture must be clearly seen by every member 
of the class. The sound must be clearly audible and understandable, 
but not too loud, otherwise the hearer gets the impression of being 
talked at, shouted at, or generally overpowered by a torrent of words. 
Some films are intrinsically very bad in this respect, and, when dis- 
covered, should afterwards be avoided. A musical background in an 
educational film is almost always distracting. Children, unlike some 
adults, can think and watch at the same time; they do not have to be 
saved by constant extraneous noise from the peril of having to think! 
Our object is to stimulate them to think, not to prevent them from 
thinking. 

One advantage of the film is also a disadvantage; it is fundament- 
ally a method of mass education; it does not address itself to in- 
dividual human beings. The teacher must be all the more careful to 
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deal with individual difficulties and to listen to individual comments 
and criticisms. Then again, all this takes time; film lessons are not 
quick methods of teaching. That is another reason why not more 
than one or two films should be used in the class-room during a 
single term. 

Provided films are used properly, they have great teaching advant- 
ages: they bring reality and variety into the class-room, and they 
stimulate the imagination. Used wrongly, they can lead to passivity, 


boredom and dullness. 


Some general considerations 

Who makes films? — First, there is the film company established to 
produce educational films, to sell them and hire them out on loan, 
on a commercial basis. Sometimes this is a branch or ‘subsidiary’ of 
a larger company producing entertainment films for cinemas. Second, 
а government-sponsored educational organization may distribute 
films made for it, under commission, by independent ‘film-units’. 
Third, an industrial concern, or nationalized industry, may produce 
films that it hopes will be shown to audiences of many different 
kinds, including schools. Fundamentally these films are advertising 
matter and are handled by the publicity departments of the organiza- 
tions concerned; nevertheless, some of them, for example those on 
the manufacture of steel or on ‘how an aeroplane flies’, have con- 
siderable educational value. Fourth, groups of school or university 
teachers, or individual persons, may make, for their own special 
Purposes, films which then become available to other people: for 
example, films on laboratory processes, Ог of travel and exploration. 
Last, and by no means least, is the teacher whose hobby is cinemato- 
graphy. He, or the school, has purchased a film camera, and he takes 
moving pictures of school events of all kinds, including laboratory 
experiments and demonstrations. For example, a teacher in an agri- 
cultural district made a film of his pupils using spades, hoes and 
other tools; the film served as a useful introduction to a series of 
lessons on the lever and on machines generally. Such films may not 
always attain the standards set by commercial films, but any short- 
Comings are readily excused by pupils thrilled to recognize places and 
faces known to them. ‘Home-made’ films are, of course, silent, the 
teacher giving his own commentary. This may be made permanent 
through a tape-recorder and reproduced with the film. But word-for- 


word synchronization of conversation seen to occur ina film is im- 
Possible by this means. (Photographic film, with magnetic sound- 
track attached, records scenes 


and sounds simultaneously. The 
machine to use it costs £350.) 
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Obtaining suitable films — The actual purchase by a school of copies 
of commercially-produced films is not usually a worth-while proposi- 
tion. A black-and-white sound film running for 10 to 15 minutes costs 
over £12, and, except in a few special cases, the use made of it is most 
unlikely to justify the expenditure. However, it is advisable to hold 
a small stock of two or three short films or ‘loop’ films,* if only for 
test purposes. Normally, films are hired. Some educational authori- 
ties, or regional organizations, keep a small film library from which 
films are loaned to schools. Alternatively, or in addition, films have 
to be hired by schools directly from distributors. A teacher in doubt 
about where to obtain films is advised to make inquiries from: (i) his 
local educational authority; (ii) the offices of national organizations 
that exist for the promotion of-contacts and good-will between 


nations; (iii) the embassies and legations of countries where suitable 
films are produced. 


How may a teacher discover ‘good’ films? — For a teacher in a tropical 
school, this is an even more difficult problem than that of discovering 
which are good books for a library. The possible answers (see page 
180) are much the same: films may be shown at meetings of regional 
science teachers' associations, and, in any case, formal and informal 
exchange of information can take place. Reviews of science films may 
be found not only in the science teaching journals, but also in 
magazines devoted specifically to visual aids. 


Sound or silent films? — This question perhaps receives too little atten- 
tion nowadays. Sound films are the more commonly available, and 
itis understandable that those who have spent much time and money 
in taking a film naturally consider that all may be spoilt if the 
‘amateur’ inserts his own commentary. Having spent much care and 
thought on the sound-track, they think the result is best in all circum- 
stances. Further, some of the firms make and sell sound-projection 
equipment and wish to encourage sales. This attitude does not take 
into account the teacher’s special knowledge, both of his pupils and 
their attainments, and the kind of language they can understand. 
Moreover, silent projectors are much cheaper, much easier to carry 

* A ‘loop’ or ‘cycle’ film is a comparatively short len, 
of which is joined to its end so that—with the 
device for absorbing the length of film that may otherwise snake about on the 
floor—it runs continuously through the projector. It is intended for teaching 
cyclic processes, e.g. the four-stroke cycle of the internal combustion engine; or 
processes that may usefully be shown over and over again, e.g. how to charge 
an electroscope. 1 r i 4 

+ For example, Visual Education, published monthly by the National Commit- 
tee for Visual Aids in Education, 33 Queen Anne Street, London, W.1, England. 


ngth of film, the beginning 
possible assistance of a pulley 
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С o thread. Possibly the decision to go ‘all o 

Dogs vs been taken too soon. Even when sound fissare ee 

Vien A. showing is advisable, with the sound ‘off’ and the teacher 

E oe is own commentary. Silent or ‘muted’ versions * of many 
nd films are available for those who have silent projectors. 


AC n та The commentaries of some sound films fall far 
ша 2 educational requirements. If the sound film is to fulfil its 
EE UE the phrasing, tempo and clarity of speaking must be such 
ia е pupil can take in the commentary and understand it. The 

guage must be simplified. It must be spoken slowly and naturally, 


as i ; й 

3 i if the child were alongside the commentator. The commentary 

ould be broken up to give the child an occasional rest from listen- 
te on viewing. How often the ears are 


ae allowing him to concentra 
Ae mmed with the thunder of background noises or ‘music’, or with 
Bein of verbosity from the commentator! A good teaching film 
eed tell its own story; speech should be employed only where it 
Лоо ед. Background music is quite unnecessary; it is, in fact, a 
Gena. because it introduces the ‘entertainment atmosphere” of the 
ing m an atmosphere which is, as suggested above, hostile to learn- 
iod dm a musical introduction 1S entirely out of place: a quiet, 
richie tful attitude to the film-content is what 1s required. The com- 
film ES in some films is spoken by those taking an active part їп the 
HU here possible, this is all to the good; but the prime requisite 
à natural and easy manner in the speakers, making for reality and 


life in the film. 


around, to erect and t 


e is need for a certain number of cap- 
ll, with plain lettering, and not too 
n display long enough to be read by 
long to be wearying. Too many 
f the moving picture, which is to 


Ады in silent films — Ther 
end worded simply and we 
the nsive, Each should remain О 
E ү oyes readers but not too 
us ions defeat the whole idea o 

nvey action. So the fewer the better. 
e? — Many films would gain nothing by 
s the film on Sound Waves, of which the 
d later. In some cases the colour film is 


casier to follow and holds greater interest. However, @ colour film 
Sorbs more light, and bright projection combined with a fairly good 


* 

and Ме (but not ай) silent projectors have teeth on both sides of the sprockets 
and азе do not take sound films, which have sprocket holes on one side 
‘mute: d sound track on the other. A “Шеп? film carries descriptive captions; а 
replac тш does not, being simply а sound film with the track removed and 
sonia by sprocket holes. Silent and muted films run at 16 frames per second, 
at 24 frames per second. Sound projectors can run at either speed. 


Саш ‚ or black-and-whit 
A ing in colour. An example i 
ethod of showing is discusse 
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black-out is therefore essential. The projector that is only just 
sufficiently bright for black-and-white projection will be unsatis- 
factory if used to show a colour film, 


METHODS OF PRESENTING FILMS 


What is the correct teaching method to adopt when using an educa- 
tional film? No general answer can be given, for no two films are 
alike; moreover, there are many good ways of using the same film, 
and in any case it will have to be used in different ways for pupils of 
different ages and attainments. Examples of possible methods of use 


are given below, for two films, representative of two possible types, 
A and B. 


A. Direct teaching films designed to teach one point and (preferably) 
one point only. These are specially made for class teaching in 
Schools and with no other object. At the approprizte time they fit 
exactly into the science syllabus. 

B. Films dealing with a collection of similar or related topics, often 
more interesting and stimulating than those of type A, but needing 
greater thought and preparation on the teacher's part. They can 
be fitted into the Syllabus, but with greater difficulty. 

There is also a third class: 


C. Background films that often do not fit into the Syllabus at all, but 
add to the child's general scientific knowledge and understanding 
—particularly useful for fourth-year projects, for example, and 
for the school film or scientific society. An example of a film of 
this class is entitled ‘Discovery of a new pigment', which illustrates, 
compares and contrasts, in a simple way, the methods employed 

in industrial technical departments, and in university research 

laboratories. 


| Now be discussed as illustrative examples. The first 
is from Great Britain, the second from the United States of America, 
but films of all kinds are obtainable from many different countries. 


Film A: ‘Sound Waves (Part Пу * 
This film has been es 


Specially made to fit into a normal teaching 
syllabus and therefore its use presents no particular difficulties. The 
* Gaumont British Instructional Ltd. 


i 1 ‚ catalogue No. F, 994 (sound). Spoken 
commentary available in printed form, 


with notes, price 94, 
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teacher follows the syllabus he has already devised, and at the 
appropriate point he introduces this film in place of his own demon- 
strations and discussions. The,subject of the film is "transverse and 
longitudinal waves’. It starts with visible waves in water, and ends 
pm sound waves as an example of longitudinal waves. Three other 
films deal with other aspects of sound, but the four films are 
independent of each other and one part can be used alone. 

Since transverse waves can readily be seen they can comparatively 
easily be understood, but the nature of longitudinal waves is much 
more difficult to convey. This film is particularly useful because: (1) 
it shows longitudinal waves by using apparatus not normally avail- 
able in schools, and (ii) it makes good use of animated diagrams to 
illustrate longitudinal waves with æclarity impossible through the use 


of any amount of blackboard chalk. 


Specimen lesson-sequence A 
Suteen The nature of longitudinal wave-motion, and the meanings 
of velocity, frequency, wave-length and amplitude applied to sound 


Waves. 


lige knowledge. The initial observations of section A.13 of the syllabus 
раве 243), namely that sources of sound are vibrating, and that some 
aterial substance, air for example, is necessary for the transmission of 


Sound. 

cun. Previous experiments with vibrating bodies are recalled 

Ma Steel ruler clamped to, and overhanging, a bench; а tuning-fork; а 

retched string; etc.). Frequency of vibration is related to pitch. (This is 
i i film familiar ideas as 


absorbing the information is 


greatly increased.) Amplitude of a source 
Amplitude can à 
d, e.g. a clamped metre-rule, 
wave motion may 
d ripples. The wave-length of the waves. Sound 
aves are unlikely to be transverse because air obviously offers no resis- 
ance to bending and twisting forces. But it does offer resistance to com- 
pression (example: a bicycle pump with a finger over one end while the 
Piston is pushed in), or rarefaction (the washer is reversed and the piston is 
pulled out). Waves of compression and rarefaction require motion of air 
particles in the direction of travel of the sound—longitudinal waves. 

er to elicit the ideas from 


question and апу 

the class, discussion) may take two periods, or more if written notes 
are taken. The film is now left to convey, with its apparatus and 
animated diagrams, two ideas viz.—(1) longitudinal wave-motion ; 
(2) velocity = frequency X wave-length. 


* F. 993, Е. 995, F. 996, of the same catalogue, 
T.P.—Q 


This work (experiment, 


(see page 218). 
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The showing of the film — This is best done in a double period, though 
a single period will serve. 


lis 


Finally, in the next lesson, 
teacher gives the class so: 
about wave motion—not ver 
sion, together with a simplifi 


suppose that the teacher has s 
tents, and has decided that hi 
has to consider when, whe 
teaching. The following is 


. Ten minutes (or more in a double period). Discussion and two 


. Fifteen minutes. Second showin, 


Fifteen minutes. The film is ready, taced on the projector, when the 
class enters: it is shown at once, as soon as pupils are in place. They are 
keyed up to see the film; they do not wish to listen to the teacher, 


-way 
questions: first, class to teacher, then teacher to class. Meanwhile the 
teacher rewinds the film and re-threads it on the projector. 


g. If it is a double period, the sound 
commentary may be switched off, the teacher giving his own commen- 


tary and emphasizing the points which he knows were not clear to the 
class. Then it may be shown a third time, with the sound on. But in a 
single period, only two showings are possible. Does the class wish to 
ask any further questions? j 

or at the end of the double period, the 
me guidance on what should be written 


y much, a few sentences and a conclu- 
ed diagram. 


Film B: ‘Control of Body Temperature * 


This film is unlikely to fit exactly into any schóol syllabus. We must 


cen the film, or otherwise noted its con- 


^ a of human body tem erature, and the 
slight daily fluctuation is noted. ч P Д 


blooded and warm-blooded animals, shows 


temperature-controlled chamber. As the 
temperature falls, the turtle’s temperature also falls, but that of the 


a warm solution; as the solution is со! 


(iii) The next sequence is Hea 


l t production and its regulation, and is con- 
cerned with the effect of voluntary muscular contraction (physical 
Work) and involuntary muscular contraction (shivering) on heat pro- 
duction. A rabbit is paralysed by injection of a drug and, as the 
external temperature falls, the rabbit's tem | 


: £ perature also falls. The 
effect on a man’s temperature of relaxing, and of hard exercise on a 


„ * Encyclopaedia Britannica Ltd. Spoken commentary available in printed 
form, with notes. 
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bicycle, is shown. А man in an ice cave undergoes spasmodic con- 


tractions (shivering). 


(iv) The film then goes on 
are shown by animated diag/ams: heat loss by radiation; 
mechanisms leading to constriction of the skin blood vessels with 


lessened blood flow and decrease atior У 
increased flow and increased heat loss. Next, sweating 1s considered, 


with simple experiments and animated diagrams. 
(v) Then the Temperature ‘control centre in the brain (hypothalmus) is 
compared with a thermostat operating a furnace. An experiment is 
i i halmus in the brain of a pigeon 
ature-regulating mechanism 
from functioning. The method of control of both heat loss and heat 


.. production is revised. 
(vi) Lastly comes the Abnormal fluctuation due to fever, and another 
experiment with а pigeon. A few words link the end of the film with 


the beginning. 

Is this film worth using? Its value is that it 
different parts of the syllabus: temperature; human body tempera- 
ture; conduction, convection and radiation; evaporation and latent 
heat; muscles and nerves; the brain; the action of a thermostat; the 
burning of foodstuffs with oxygen and the production of carbon 
dioxide, water and heat—chemistry, physics and biology. Also it 
shows many experiments that are not, or cannot, be performed in the 
school laboratory. The disadvantage is that so much is presented in 
one film: probably the teacher himself does not absorb everything 
at the first showing. This removes any possibility of using it as an 
introductory film, as pupils cannot retain so many problems in their 
heads. The solutions of these problems cannot be understood before 
work taking weeks has been performed. It is therefore much better to 
show the film when most of the relevant principles have been studied. 


links many topics from 


Specimen lesson-sequence B 

Previous knowledge. Fairly obviously this film will be shown towards 
the end of the course: it requires some knowledge of exercise and 
breathing; heat and temperature; combustion and oxidation; con- 
vection and radiation; evaporation, latent heat, perspiration, etc. 
Preparation. To revise all the above items would take much time and 
be very boring to the pupils. Thus it is better to start with the problem 
the film is going to raise: by what mechanism is man’s temperature 
held almost constant? Of course, the teacher does not walk in and 
write this on the board. Examples of extreme conditions are elicited 
and discussed, and we lead up to the posing of the problem. Any- 
thing of topical interest should provide the starting-point: in 1953, 
for example, the ascent of Everest; but any daily paper will produce 
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something suitable. The pupils give their examples before the teacher, 
who may not have to produce his. 

The class already has a good deal of the necessary data, though 
much has been forgotten. Judicious question and answer elicits 
relevant knowledge, possibly formless and chaotic. The problem has 
to be broken into parts (headings similar to those in (ii) to (vi) above 
would be suitable) and each part dealt with separately. The teacher 
fills the gaps in the information supplied by the class. Then, with the 
help of the class, he fits the pieces into the Jig-saw, and he finally 
summarizes the conclusions reached. This takes at least two periods, 
and more if interesting side-tracks are explored. Probably a consider- 
able amount of new knowledge must be supplied: on the mechanism 
of blood flow under the skin for'example; but the subject must be 
kept as simple as possible. The Speci«- experiments with animals in 
the film should not be described; let the film do some of the work. 


However, pupils can do.some experiments such as the first five of the 
following, on themselves. 


Experiments — 1. Temperatures are taken on an ordinary thermometer 
placed against the back of the hand: (a) of a person who has been in a 
cool room for some time, (5) of a person who has been outside in the 
sun on a hot day. Also, in both cases, the temperature in the mouth, 

2 under the tongue. 

- With a clinical thermometer, temperatures under a pupil's tongue are 
taken: first after he has been resting, preferably in БОД poson: 
seeond after he has run several times up and down a short flight of 

irs. 


perspiration. ts linked with the effect of 
6. The class should study the working of anyt 
be available. Y type of thermostat that may 


Time spent on these experiments is not, of course, included in the 
two periods mentioned above. 

The showing of the film — The class now finds that the film contains 
much that is already understood, and this helps to link the new work 
With the old; it assists comprehension. 


1. Fifteen minutes. On the appointed day, 


the children are ready and 
eager to see the film. Therefore, 


no questions, no explanations, no 
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delay; the film, ready on the machine when the class comes in, is 


projected. 


2. Ten minutes. The class discusses the film, all remarks being addressed 


one at a time, to the teacher as'chairman! Questions from the class are 
answered by other members of the class or the teacher, or are shelved 


to be dealt with later, as the teacher sees fit. 
If a double period is available, much more than 10 minutes—perhaps 


half an hour—could profitably be given. The teacher is discovering the 
points that have not been understood. If, however, the class does not 
produce the questions and discussion, it will have to be stimulated by 


questions from the teacher. А r 
3. Fifteen minutes. During the above discussion the film has been re- 
t is shown with the sound com- 


wound and re-threaded, and now it і 
mentary ‘off’, the teacher putting in his own commentary and empha- 


sizing difficult points. Perhaps, to give more time, the film might be 
run at silent speed or occasionally stopped. 

4. Finally, if it is a double period, the film is shown without comment, 
and with the sound commentary on. (This, in fact, is best done next day, 
if the film caa be retained until then.) Any further questions from the 
class can be answered, and the teacher may ask a few more verbal 
questions, but not many; the work must not be laboured. 


Finally the teacher helps the class with the written work. There is far 
too much in the film for a proper account of everything to be given. 


It is suggested, theretore: 

(a) that the teacher writes 0 
given in items (ii) to (vi), 
or three sentences under each in their note-books; 

(b) that each pupil describes any оле experiment from the film—what 
was done, what happened, and what conclusion is drawn. 


Maintenance and use of film projectors 
A film projector requires very little maintenance. A burnt-out lamp 
may have to be replaced (a spare of each type, if the projector uses 
more than one, should be available); overstretched driving bands 
may sometimes need attention; the ‘gate’ through which the film runs 
should be cleaned with a soft brush, if dirt, hairs or fluff appear on 
it; and certain axles and gears may need occasional oiling and greas- 


ing, not only to prevent undue wear, but also to ensure quiet running. 
If time allows, a film which is going to be shown to a class should be 
run through the projector beforehand, not only to ensure that there 
are no breaks or other defects, but also so that the teacher may be 
familiar with its contents. In any case the film should be examined 
before lacing on, to make certain it will begin at the beginning and 
not at the end (when this latter occurs the pictures appear upside- 
down on the screen). Provided care has been taken about this, a 


sound-film cannot be laced on the projector the wrong Way round, 


n the blackboard headings similar to those 
pages 220-1, and the pupils write two 
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that is, so that the picture is reversed left to right (assuming that 
we have put the sprockets in the sprocket-holes and not on the 
sound-track, which would quickly be-destroyed by such treatment!). 
The film must be put on the take-up spool in the correct direction, 
otherwise we shall have the emerging film all over the floor. How- 
ever, lacing charts are always shown in a prominent position on the 
projector, and there should be no difficulties. 

When the film is to be shown, and the mechanism has been started, 
the projector lamp should not be switched on until the ‘trailer’ has 
run through and the titles are about to appear. If the lamp is on from 
the start, distracting flashes of white light may appear on the screen, 
preventing the cyes from becoming suitably accommodated to the 
brightness-level of the picture. During the showing of the film, the 
operator should be stationed near the projector, ready to switch off. 
the lamp instantly if the film jams (assuming, that is, that no auto- 
matic switch is provided). If this happens, the film is eased through 
the sprockets if necessary, the sprocket-holes are re-engaged and 
projection resumed. Some other possible faults are: 

(i) The picture appears in streaks on the screen. This is because the 
film is being dragged continuously past the gate. Forsome reason 
the loop of film between the gate and the sound-head has been 
absorbed. The projector must be Stopped and the loop restored 
їп accordance with the lacing chart, when all will be well. 

(ii) The picture suddenly goes out of focus. The film has probably 


come out of the gate; the projector must be Stopped and the film 
replaced correctly in the gate. 


(iii) The picture appears divided 


у › With the lower extremity appearing 
at the top, or alternatively, 


а part of the top appearing at the 
bottom. This sometimes happens during the showing of a film 
which was, at first, quite correctly positioned. A slight movement 
of the gate-positioning screw provides the necessary adjustment, 


and on most makes of projector this can be done without stop- 
ping the mechanism. 


(iv) Either gradually, or suddenly, the sound becomes almost in- 
audible. The film may have slipped slightly sideways on the 
sound-head, and the projector should be Stopped and the film 
re-aligned. 

Focusing, and adjustment of volume and tone controls, should 
have been done beforehand, if at all possible. 

Much of what has been written above a: 
Jectors, which are, of course, less complica: 
films. Only two points need be made, and 
been mentioned elsewhere, 


Pplies to silent-film pro- 
ted than those for sound 
One of these has already 
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(a) Silent projectors often have teeth on both sides of the sprockets, 
and in that case they cannot be used to show ‘muted’ films (sound- 
films-without-sound, page 217). ` 

(b) Since a silent film has sprocket-holes both sides, it may easily be 
laced on the wrong way round so that the picture is reversed left 
to right. This may normally be avoided by making sure that the 
film is clipped on the run-off spool in the direction shown on the 
lacing chart. But this precaution does not entirely preclude a 
mistake, because a few silent films are still made to what is called 
*D.LN. standard’, and are meant to be laced in the reverse 
direction. A good test, which always produces the right result, is 
the following: the operator holds up to the light a part of the 
leader’ of the film that has some writing on it, and turns the film 
so that the writing is the correct Way round for him to read it. The 
side of the film which is now nearer to him must be kept nearer 
to the projector lamp when the film is laced on. The film will, of 
course, have to be turned so that it goes through upside down, but 
the same side must still be towards the lamp. 

The same rule, for getting the film the right way round, is very 


useful when a film-strip is being inserted in a film-strip-carrier or, for 


that matter, when а slide is put in a slide-carrier. 


PART V——SYLLABUSES, WITH AN OUTLINB 
OF SUITABLE EXPERIMENTS AND 
SUGGESTED METHODS OF TREATMENT 


(See Chapter II for a general discussion of syllabuses. Notes on 
methods of presentation and other aspects of the recommended 


syllabuses are given in Chapters III to УП.) 


SYLLABUS ‘A’* 


Physics for a General Science Course 


secondary School course, Physics is 


Note.—In the early stages of a 
bjects, constituting “General Science’ 


often integrated with other su 

(see pages 13, 14). 
А(1) MEASUREMENT? OF LENGTH, VOLUME, MASS, WEIGHT, TIME 
Units. Length: metre, centimetre (cm), millimetre (mm.), kilo- 

metre (Km.), inch (^), foot (), yard (уд.), mile. 
Volume: cubic centimetre (с.с.), litre, cubic inch, cubic foot, 
pint, quart, gallon. 
Mass: gram (gm.), kilogram (Kg). pound (Ib.). 
Weight: gm. Wt., Kg. wt., Ib. wt., cwt., ton Wt. 
Time: second (sec.), minute, day, year. J 

Mass and weight. A rigoroustreatment cannot be given at this stage; 
it is sufficient to define mass as quantity of matter, and weight as force 
of attraction of the Earth. When we buy things (e.g. 1 ]b. of sugar) we 
are usually interested in the quantity of matter obtained, not the pull 
of the Earth! The balance compares weights, but mass depends 
directly on weight, and 50 the balance provides us with the easiest 
means of comparing the mass of, say, 1 Ib. of sugar with the mass of 

а 1-1Ь. piece of iron, i.e. а I-Ib. iron ‘weight’. | 
Time, calendars and clocks. The year depends on the time of revo- 
lution of the Earth round the Sun; the day on the time of revolution 
of the Earth on its own axis. There is no exact relation between these 
two times; approximately ] year — 365} days, and hence we have 
(——— m E Ж ш уй: 


author's three text-books: Hydrostatics, 
and Introduction to Electricity (John Murray, London). 
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February 29th every fourth year. But not exactly: century years are 
not leap years. But again, not exactly, century years divisible by 400 
are leap years; A.D. 2000 will be a leap year. 


Pendulums should be used for experiments, but the theory is 
omitted at this stage. 


Experimental work — Pu 
A.2, etc.) are assumed to be already familiar with the idea of measure- 
ment by means of ruler. 
should be given a preli 
example) tables, ben 


М mpirical units: e.g. how many cigarette- 
tins of water fill a beer-bottle (not a whole number); how many beer- 
bottles fill a kerosene-can? Later, by using a pint measure and a 


100 с.с. measuring cylinder, pupils can find how many cubic centi- 


metres the cigarette-tin holds; how many pints and ounces the bottle 
holds, how many gallons, and alternatively, how many litres, the 
kerosene-can holds, 


Pupils should also use pipettes and burettes; spring and beam 
balances; clocks with seconds hands (one wall clock, with a seconds 
hand and a dial of 12” diameter is adequate), 


r mensions Of regular solids (rectangular blocks, 
cylinders, spheres) are measured with a ruler, and their volumes calcu- 
; the volumes are Checked by immersion as in experi- 


1 1 water in a measuring cylinder, taking the new 
reading after immersion, and i 
(b) the use of a burette to fill a small beaker up to a mark (i) without. 
(i) with, the solid in the beaker. 

A.3—(a) Pupils are asked whether an empty beaker weighs more upside 


down than it does the right way up. They decide the point by weighing. 


(b) The weight of ink needed to fill a fountain pen is found by weighing 
it full and empty. 


A.4—Simple pendulum experiments: 
depends on: (a) the size or ‘amplitude’ of the swi 


, 


Ow the time of swing 
ng, (5) the mass of the 


D roots of the lengths, 
le. 6, 8, 10, 12. If Possible, a graph of T against // is plotted. 
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A(2) DENSITY—SPECIFIC GRAVITY 
(Including determinations of densities of solids and liquids, and of air 


at atmospheric pressure.) 


Possible introduction — Pupils may try lifting a kerosene-can full of 


kerosene, and another similar kerosene-can that has been emptied 
and filled with water. The water is heavier. If the can is filled with 
sand (or earth), the weight is greater still. What do we mean by saying 
water is heavier than kerosene’, ‘sand is heavier than water’ and so 
on? 2 Ib. of kerosene weigh more than 1 Ib. of sand. This leads to the 
idea of comparing Weights of the same volumes, to a definition of 
density, and to statements such as ‘sand is denser than water’. 
zm ut sweight may be used at this stage. 
volume volume 
Specific gravity is the ratio: 

weight of any volume of the. substance 

weight of an equal volume of water 


Density is measured in gm. per C.C., OF Ib. per cubic foot; whereas 
specific gravity (S.G,) has no: units: it is a ratio. 


Density is 


Demonstration — To show that air has weight. Two similar automobile 
inner tubes are inflated with just sufficient air to keep them in shape. 
One is hung near one end of a rigid stick of wood about six feet long; 
the other is hung near the other end. The stick is balanced at the 
centre, on the cylindrical rod of a retort-stand clamp, or in any con- 
venient way. One tyre is then pumped up to a considerably higher 
pressure; provided the tyres are kept at the same positions on the 
stick, the pumped-up tyre is now definitely the heavier. The effect 
may be shown more readily by using two large cans fitted with bicycle- 


tyre valves. 


Experiments — Laboratory 
for experiments 4.5 and 6, but bea 

A.5—The density of a regular solid is 
ruler, and weighing. on, | i 

A.6—The density of an irregular solid is found by using a measuring 
cylinder to find the volume, and weighing. — . 

A.7—The density of a liquid is found by: (а) weighing a volume measured 

with a pipette or burette; (b) using à density bottle. 

A.8—To determine the density of air, we choose the largest round- 
bottomed flask that will go on the balance pan. It is fitted with a rubber 
bung carrying a glass tube. he glass tube carries а rubber tube and 
clip. Weighings are taken: (i) with the tap open; (ii) with the flask 
exhausted by a vacuum pump. The volume of the flask is found by 
filling it with water. Hence the density of air is found (about 0:0012 gm. 


time may be saved by using spring balances 
m balances are needed for A.7 and 8. 
determined by measurement with a 
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per c.c.). Note: The rubber tube should be doubled over when the 
clip is put on. 


A quart oil-can (cylindrical kind, made of tin plate, not cardboard) 
is better than a flask. If no pump is available, 4” of water is put in the 


A(3) PRESSURE IN LIQUIDS 

(Including—(a) the proof and use of the formula: pressure of liquid 
column = height x density, i.e. р = hd; (b) a discussion of the effect 
of pressure on divers; diving-bells; the hydraulie press and its uses, 


€.g. the hydraulic braking system on а car; the U-tube pressure 
gauge; the Bourdon gauge.) 


Possible introduction — The difference of effect, with the same force, 


of a drawing pin Pressed (lightly!) on the hand: (а) head down, (b) 
point down. The effect op the sol 


water and squeezed ; (ii) the teache 
à water-tap, and turns on the tap. 


(b) Pressure increases with depth: three or four equal holes are 
made at different heights in a tall ti 


I | tin can; the can is filled with water 
and we notice the sizes of the ‘spouts’, 

(c) The diving-bell: а beaker is immersed upside-down in water; 
the air cannot escape, but is compressed Slightly, so that a little water 
enters. We may show how co: i 


he water is poured in first, 
© Оп top of the water -see 


T water) = fq, (for Paraffin) ~. d, = 


) and water. Т 
di 


then the paraffin is Poured down one sid 


Figure 40(а). We have, hyd, (fo; 
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FIGURE 40.—Comparison of the densities of two liquids: 
(a) by the U-tube 
‚ © by Hare’s apparatus 
(Experiments 4.10 and //. In each case the pressure of the column h, is equal to 
' that of the column Л) 


or, since the density of water is 1 gm. per C.C., the density of paraffin 
is f gm. per c.c. 

A.11—The U-tube is messy and di 
and can be used for any pair o 
Figure 40(5). As before, а, = fs, if the first liquid is water. 


A.12—The pressure of а gas-supply may be found by means of the 
apparatus shown in Figure 41. The gas-tap is joined, through a T-piece, 
to a bunsen burner and to a small U-tube (limbs 15 cm. long are usually 


fficult to fill. Hare's apparatus is better, 
f liquids (e.g. water and brine)—see 


FIGURE 41.—To find the pressure of a gas-supply. (Experiment 4./2) 
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sufficient) containing water. The gas-tap is turned on and the bunsen is 
lit. The gas pressure (A) is read in centimetres of water. The gas-tap is set 
in different positions, and we notice how the gas pressure and the height 
of the flame vary. A series of readings‘may be taken, and a graph, of the 
height of the flame (f) against л, may be drawn. 


“ А(4) ATMOSPHERIC PRESSURE—MERCURY AND ANEROID BAROMETERS 


Possible introduction — ‘Here is a box (or a can, or a beaker, or any- 
thing handy) without a lid.’ It is held upside-down and shown to the 
class. ‘Is it empty? —So we get the answer ‘No, it contains air.’ How 
do we know that air exists?—we cannot see 127 There are many 
answers to this. Then, ‘We live at the bottom of an ocean—of air." 
Air, like water, exerts pressure. ‘How сап we show the effect of air 


pressure?’ Probably the class gives no satisfactory answer; we lead 
up to: 


(b) Collapsing can experiment, 
Strong for this demonstration. 
obtainable from suppliers of apparatus 
oil-can, or a 4-gallon kerosene 
а cork and a glass tube and ; 


out, the can is corked tightly and the flame remov. 
inside condenses and soon 


Experiments — Although listed as “е: 
16, are more likely to be demonstrated b 


and the pump are fitted up. 
В. The water rises in the tube 


riment is tried, using mercury 
rometer, 
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FIGURE 42.—An apparatus using water to skow the principle of the baro- 
meter. (Experiment А.14) 


Obviously mercury is better than water. А Water barometer is 
possible, but it is ridiculously tall. Our mercury apparatus is also 
inconyenient and inaccurate. Can we devise something simpler and 


better? Thus the next steps are: 


Experiments — A.15—We make, and take readings with, a simple mercury 
barometer. If a Fortin barometer is available, it can be compared with 
the one we have made, and its advantages may be pointed out. 


4.16—Ап aneroid (‘no-liquid’) barometer is demonstrated, and its advan- 
tages and disadvantages, compare 


d with the mercury type, are noted. 
The aircraft altimeter is mentioned. 
A.17—Pupils may take daily readings of the barometer and plot the 
results. (This is obviously an opportunity for the science and geography 
departments to work together.) 


FORCE AND LIFT PUMPS—THE SIPHON 


‹ teacher, saying nothing, wheels in a 
bicycle and attempts to pump UP a tyre. The pump does not work 
(the leather washer having previously been loosened on its screw!). 


Teacher and class investigate the pump, find how it works and put it 
right. This leads to a further investigation: the tyre-valve (Figure 43). 


A(5) PUMPS: BICYCLE, 


Possible introduction — The 
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aN 


“Сб... 
СУУУ 


FIGURE 43.—(@) The 


bicycle pump, and (5) 
C] the tyre-valve 


[/ 


A bicycle pump with th 
but another valve at the bottom ї 
Guericke's pump (1650), and tell the Story 
evacuate first a wine barrel, which leaked 


25 feet, and so this leads to the force 
pumps, e.g. the use of a ‘ram’ for w 
should be mentioned. This may lead 
the local water-supply is obtained. 


ater-supply in a hilly district, 
In turn to a discussion of how 


Demonstrations — The force and lift 
available) are shown, and also the Syri 
be used).—If the resultin 
pair of pupils may mak 


pumps (if working models are 
nge (a hypodermic syringe may 
8 mess can be tolerated (it should bel), each 
е, and experiment with, а siphon consisting 
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EI 


FIGURE 44,—An automatic flushing tank 


e 


FIGURE 45.—The flushing tank of a water closet 


of two cans and 2-3 feet of rubber tubing (bunsen tubes will do). In 
a siphon, water runs uphill against gravity, an observation which is 
always fascinating to children. When the mess is cleared up and order 
restored, the principle of the siphon must be carefully explained. 


A(6) ARCHIMEDES’ PRINCIPLE—FLOTATION 
Possible introduction — The story of Archimedes, the bath and the 
crown, is told. This may be linked with happenings or facts the pupils 
may have noticed. For example—() A large stone is much more 
easily lifted after it has been covered by the tide. (ii) A pupil’s own 
Weight in water—actually a person weighs less than nothing since he 

f the effect of air in the lungs 


has to be pushed under. A discussion 0! 
and the possible truth of the story that a drowning man comes up 


three times and then stays under.—Why does a corpse finally come 
to the surface? (iii) A man being pulled into a boat seems to get 


TPR 
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heavier as he comes out of the water. Balloons and airships may also 
be mentioned—but the teacher should be prepared with a brief 
answer to “Why does an aeroplane fly? This leads to experiment 
4.18 and/or 4.19, and so to a statement of Archimedes’ principle. 
The simple theoretical proof of the principle may also be given. 


Floating bodies — When an object is floating freely, it does not have 
to be supported and so it has lost all its weight.Therefore the weight 
of the liquid displaced by a floating object equals the weight of the 
object in air (the law of flotation). We mention: (a) the ‘displacement’ 
of a ship; (b) the Plimsoll line; (c) submarines: 

Then we proceed to find densities: (a) by weighing in air and 
liquid; (b) by using a weighted stick as a hydrometer; (c) by direct 
reading on a commercial hydrometer (e.g. for accumulator acid). 


Experiments — A.18—Any object of regular shape, such as a block of 
glass, is weighed in (i).air, (ii) water, and its loss of weight is found. 
The block is measured and its volume calculated. Hence we show that 
the loss of weight in water equals the weight of the water displaced. The 
experiment is repeated using kerosene, showing that the loss of weight 
in kerosene equals the weight of kerosene displaced (density of kerosene 
= 0°81 gm. per c.c.). 7 : 

A.19—The ‘cylinder and bucket? experiment, if the apparatus is available. 

A.20—The density of a solid (regular or irregular), that sinks in water, is 
found by weighing in air and water, 

4.21—The density of a liquid is found by weighing a solid (i) in air, 
(ii) in water, (iii) in the liquid. 

A.22—The density of a solid that floats in water (e.g. a piece of wax) is 
found by (i) weighing the solid in air, (ii) weighing the solid and a sinker 
tied together and completely immersed in water, (iii) weighing the 
sinker alone in water. 

4.23—А simple hydrometer is used to find the density of a liquid by 
measuring the length immersed (i) in water, (ii) in the liquid (e.g. brine 
or methylated spirit). To make a suitable hydrometer, either: (a) the 
end of a test-tube is heated in a bunsen, and flattened on a piece of 
asbestos or carbon; the tube is then weighted with lead shot or mercury 
to make it float upright, and the open end may be corked; or: (b) one 
end of a drinking-straw is dipped in molten sealing wax, and seven Or 
eight lead shot are then dropped in so that it will float upright. 

4.24— The constructi 


: | ction and mode of use of an accumulator hydrometer, 
including the syringe, are examined. 


A(7) FORCE — WORK — MACHINES 


— VELOCITY RATIO — MECHANICAL 
ADVANTAGE—EFFICIENCY 


An adequate definition of 
these cannot be given at t 
carry on with their ordin 


‘force’ depends upon Newton's laws, and 
his stage. We are content for the pupils to 
ary everyday meaning of the word ‘force 
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and to become accustomed, without definition, to the use of the 


word, with a more precise meaning, in statics. 


Possible approach — In front of the class is any sort of machine, e.g. 
а pulley system; but а bicycle is best if the pupils are familiar with it. 
When a force is applied to one part of the machine (e.g. bicycle 
pedal), the machine applies a force elsewhere (e.g. between the back 
wheel and the ground). What does force do? It makes things move 
faster, or brings them to rest (e.g. the brakes). When the driver of a 
car presses down the accelerator, the engine causes the back wheels 
to exert greater force on the ground. The force of friction brings a 
bicycle on a level road to rest if the rider stops pedalling. Force over- 
comes other forces—if the rider continues to pedal, the cycle con- 
tinues to move. Force produces strains and distortions and changes 
of shape, e.g. when a blacksmith beats a piece of red-hot iron into a 


horseshoe. Forces stretch string or rope into nearly straight lines— 
this leads to a discussion of tensions in strings, and a few problems. 
Forces are measured in pounds weight (Ib. wt.) or grams weight 
(gm. wt.). р 

A simple machine (a lever or à pulley system, for example) is a 
means by which a small force, applied at a convenient place in à 
convenient direction, overcomes another force, possibly much larger, 
and perhaps acting in а different direction. Work is done when forces 
are overcome, e.g. raising an object against gravity, or moving it 
d the work done by a 


against friction. The work done on a force, an i ) 
tice that: (i) doing work involves motion 


force, are defined. We no › › 
(we get tired, but do no external work, if we simply hold a heavy 
weight); (ii) it is only the distance moved along the line of the force 


that counts in a calculation of work done (example of a bicycle pedal 


pushed vertically downwards). 

Machines. The use of any sort of lever, e.g. а crow-bar to open the 
lid of a crate, is demonstrated. Pupils should be asked to give uses 
of levers with which they may be familiar, e.g. for moving Jumps of 
rock, or tree-trunks when a clearing is being made, or for raising 
water from a well. Load and effort are distinguished, and mechanical 
advantage is defined. Velocity ratio is defined. If there is no friction, 
work got out = work put in, and hence mechanical advantage = 
velocity ratio. The terms: load, effort, mechanical advantage, 


velocity ratio, are applied to other examples of the lever, including 
the human arm and leg. 


Experiments — A.25—To fin 
ratio of a lever. At the middle 
made sufficiently large to take a n 


d the mechanical advantage and velocity 
point, F, of a half-metre scale a hole is 
ail or other convenient support. A rod 
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FIGURE 46.—A lever—to show mechanical advantage and velocity ratio. 
(Experiment 4.25) 


is fixed at А (Figure 46) so that the scale doe: ? 
W, is placed 5 cm. from the fulcrum on the other Side. A 50 gm. wt., P, is 
adjusted so that the scale is on the point of tipping. Hence, mechanical 
advantage — 20 


so 4 times. To find the velocity ratio, vertical scales 


are placed behind W and P, and the ruler is tilted so that W moves up 
1 cm.; we then find how far P moves down. 

A.26—Similarly, the mechanical advantage and velocity ratio of the 
arrangement shown in Figure 47 may be found. 


s not tip when a 200 gm. wt., 


F 
SSNS у 
и 


FIGURE 47.—A lever—another arrangement. (Experiment 4.26) 
Eene je defined as work done on load by machine 


Б work done on machine by effort 
3 mechanical 
Hence, efficiency = — — — апүрпіше 

velocity ratio 
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ruler of the distance moved by the load 
when the effort moves а measured distance, or by measurement or 
counting, and substitution in the appropriate formula in the table 
below. The efficiency is mechanical advan tase, 

velocity ratio 


by direct measurement with a 


| à 
Machine | Load | Effort Eer Velocity ratio me 
| 

| = 


Wheel and | diameter of wheel _ 


axle | diameter of axle * — 
Pulleys | | number of strings = 
Inclined | | length _ s? 
plane . | | height == = 
Screw | circumference of effort arm 
| pitch of screw 
| 


Тһе reason for, or proof of, th 
pupils. The formulae are neede 
problems. 


e formulae should be explained to 
d for the solution of numerical 


A(8) FRICTION 

‘Friction’? has been mentioned previously as а nuisance causing 
machines to be inefficient. It is an advantage in some cases (e.g. in 
supporting the back axle of a car on a screw-jack). 

A simple experiment with a book on a desk shows some important 
facts: the pupil pushes the book very gently at first, gradually increas- 
ing the force till the book slides. At first the force applied is opposed 
by an equal ‘frictional force’ between book and desk; then the 
frictional force reaches a maximum (limiting friction); when pushed 
harder the book slides. It may be noticed, too, that it is easier to keep 
the book moving with a steady speed than to start it moving; moving 
friction is less than limiting friction. Further, it should be noticed 
that, for friction to act, there must be a ‘normal force’ pressing the 


surfaces together. f 1 
The following definitions can now be given: friction is a force 
which opposes the relative motion of two surfaces pressed into con- 
tact; limiting friction is the frictional force when the two surfaces are 
on the point of sliding over each other. 
Methods of reducing friction by (i) lubrication, (i7) substitution of 
rolling surfaces for sliding surfaces (rollers, wheels, ball and roller 
cussed. The practical importance of 


bearings), should also be dis 
. lubrication, e.g. in a bicycle, should be stressed. At this stage no 
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determination or definition of the coefficient of friction is required, 
and no numerical problems should be attempted. 
v 


A(9) THE PRINCIPLE OF MOMENTS—EQUILIBRIUM UNDER PARALLEL 


FORCES 


Possible introduction — Pupils may try lifting a desk-lid: (a) at the 
edge, in the usual manner; (b) about three inches from the hinges. 
The turning effect depends on the distance of the line of action of the 
force from the hinges, as well as on the force itself, This leads to a 
definition of turning effect, or moment of a ferce. Other examples 


should be considered: the see-saw, the bicycle pedal (Figure 48), 
etc. > 


3015 wt. 
30b wt. 
(a) (b) 
30 lb wt. 8" 
J 0 


FIGURE 48.—The moment of a force exerted on a bicycl а ts 
are: (a) 240 Ib. wt.-in., (b) zero, (c) IUE ре шов 


170 Ib. wt.-in.) 

The distinction is made between clockwise and anti- 
moments, with experiments to show: 
(i) sum of clockwise moments — sum of anti-clockwise moments, 
(її) sum of upwards forces = sum of downwards forces, for a body 

in equilibrium. (‘Equilibrium’ should be explained.) 

The idea of ‘centre of gravity’, applied to a uniform ruler, should 
be introduced in experiment 4.29, without definition. It is then used 
in experiment 4.30, and in numerical problems. 


clockwise 


Experiments — A.28—Pupils are provided with J-metre scales (or any 
wooden rod or stick about + metre | 


ong), each drilled wi tthe 
centre so that the scale may be supported о; ith a hole a 


1 n а nail held in any suitable 
support. Arrangements like those shown in Figure 49 (a), (b) and (c) 
are set up so that they are in equilibrium. The sums of the clockwise and 
anti-clockwise moments are found respectively, and, within the range 
of experimental error, these sh 


r ould be equal in each case. 
4.29—The weight of a 4-metre scale is found by supporting it on a pivot 
10 cm. from one end (Figure 50). 
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(с) 


FIGURE 49.—Arrangements of apparatus. for determining moments of 
parallel forces in equilibrium. (Experiment A,28) 


100 gm wt 


FIGURE 50.—To find the weight of a lever in equilibrium. (Experiment А.29) 


Р 


FIGURE 51.—A lever in equilibrium under the action of several parallel 
forces. (Experiment 4.30) 


4.30—A. more complicated arrangement of parallel forces is set up 
(Figure 51), and the pupil shows that, within experimental error, 
upwards forces — downwards forces, and clockwise moments — anti- 


clockwise moments. 
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A(10) CENTRE OF GRAVITY 


Any object is composed of particles, each of which is pulled vertically 
downwards. The sum of all these fórces is the weight of the object. 
The centre of gravity is the point where the weight may be considered 
to act. An upwards force, equal to the weight and applied at the centre 
of gravity, supports the object and keeps it in equilibrium, however 
the object is turned. Thus, an object can be supported by a single 
upwards force acting through its centre of gravity; and conversely, 
if a single upwards force supports a body, we know that the centre of 
gravity lies on the line of action of the force (experiments 4.31, 32). 


Experiments — A.31—(a) The centre of gravity of a stick is found by 
balancing it on a knife-edge. (Б) The centre of gravity of a flat plate of 
solid material of any shape may be found by pushing it slowly over the 
edge of a table. When it is about to topple over, the position of the table 


edge is marked on it. The plate is turned to a new position, the experi- 
ment is repeated and a second line obtained. The centre of gravity is 
at the point where the two lines intersect. 


FIGURE 52.—To find the centre of gravity of a flat plate. (Experiment 4.32) 

4.32—A second, more accurate way of finding the centre of gravity of a 
flat plate is shown in Figure 52. A piece of cardboard or thin wood of 
any shape may be used. It is supported on a pin so that it hangs quite 
freely; a weight is hung, 


i by thin cotton, from the same pin. The line of 
the cotton is marked on the cardboard. A second Vue is marked by 
hanging cardboard and cotton from another point; the centre O 


A + f 
gravity is the point where the two lines intersect. The result is tested by 
hanging the cardboard from a third point. 


A(11) WORK—ENERGY—CONSERVATION OF ENERGY 


Work was introduced and defined in section A(7). The unit, the foot- 
pound, is now considered. (The joule should be mentioned since it is 
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the practical scientific unit of energy, but it cannot be precisely defined 
unless the dyne and the erg (or the newton) are previously defined. 
The joule is about three-quartsrs of a foot-pound.) 

Energy is capacity to do work. Its various forms, kinetic, potential, 
thermal, chemical, electrical, atomic, also radiant energy and sound, 
should be briefly discussed, and the principle of conservation of 
energy should be stated. АП energy on this planet (except atomic 
energy) has come originally from the Sun. 

Note.—The nature of the conservation of energy principle cannot 
be discussed with pupils at this stage, but the teacher should note 
that some forms of energy, @.5. potential energy and chemical 
energy, have been defined in such a way as to make the principle 


true. 


A(12) POWER, HORSE-POWER 


James Watt defined the *horse-power' and determined it for the 
strongest horses available. He made and sold steam-engines, and his 
customers wished to know how many horses an engine would replace. 
In order not to overestimate the power of his engines he added 50 per 
d) he had determined for the 


power of a horse, and so obtained 550 ft-lb. per sec. 
Watt determined horse-power by making horses pull weights upa 
well. The horse-power of an engine is more easily determined by 
using a *band-brake'—this determination may 
Simple problems (e.g. work done in pumpin 


should be given. 
Experiment — A.33—A pupil may 


stairs, and hence the horse-powe 
weight, and the height of the stairs, 


g water from a well) 


be timed in running up à flight of 
r he exerts may be calculated. His 


must be known. 


A(13) soUND 
At this stage the work is entirely qualitative and non-numerical, 
except for a few problems on the velocity of sound. 


Possible introduction — The teacher provides several sources of sound 
(e.g. tuning-forks, beli, a ruler with one end held flat on the bench 
and made to vibrate by flicking the free end). А loudspeaker: or 
telephone earpiece is useful, if the cone or diaphragm can be felt 
with the fingers. We conclude that sounding objects are vibrating. 
How does sound reach the ear? — It travels through the air, and 
through other media, liquids and solids. (A watch may be heard 
ticking through a length of wooden rod touching it.) So docs light. 
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Thus we cannot conclude straight away that material media are 
necessary, but experiment 4.34 decides the point. 


Experiment — A.34—An electric bell if put in a bell-jar that can be 
exhausted of air. 


A very elementary and purely descriptive discussion of wave-motion, 
and its longitudinal and transverse forms, is a necessary background 
for the understanding of the phenomena observed. 

Velocity of sound. A simple method of direct determination, as in 
experiments 4.35 or 36, should be used. 


Experiments — A.35—A pistol (e.g. a 
fired from a point as distant as poss 


at the middles of the outer surfaces 


e ant when the noise is made may be 
better observed from a distance if two pieces of white paper are pinned 
to the free ends. (Note.—The boards may already be available in the 
laboratory in the form of an ‘incl 

4.36—(a) If a metronome is avai: 


to act as handles.) The exact inst: 


Reflection of sound. An echo is produced (e.g. from the edge of a 
dense forest or a Steep hillside, or in a long corridor, or as in experi- 
ments 4.36 or 37), 


Echo-sounding аз a means of determining depth at sea, or of a lake 
or river, should be mentioned, : 


cardboard may be f pokes of a wheel (of an up- 
turned bicycle) as it rotates at different speeds, A gramophone may be 
Played at different speeds. 
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Vibrations of stretched strings and air columns (including appli- 
cations to common forms of musical instruments). Any form of 
stretched string, sonometer or: stringed instrument may be used to 
show the factors upon which the pitch depends. A tin-whistle, 
recorder or other wind instrument may be used to show that 
shortening of the air-column raises the pitch. 

Resonance. A discussion of mechanical and acoustical examples of 
resonance leads to a simple statement of the phenomenon. Some 
examples are: tuning-forks of the same frequency on the same sound- 
ing board; a tuning-fork over a ‘resonance tube'; a resonating glass 
globe or tumbler placed near a piano or a person singing; soldiers 
marching on a suspension bridge; a rattle developing in a car driven 


at certain speeds. 


A(14) TEMPERATURE AND ITS MEASUREMENT 


Experiment 4.39 shows that heat and temperature are not the same. 
Other examples can be given, e.g. dropping a red-hot needle into a 
pail of warm water: the water contains more heat, but heat passes 
from needle to water. If heat flows from a body X to a body Y when 
they are put in contact, X is at a higher temperature than Y. Water 
(heat) is compared with a difference of. water-level (difference of 


temperature). 
The relationship between tempera 
of hotness or coldness should be mentioned. Sensation is not a good 


way of measuring temperature (experiment 4.40). This leads to a 
discussion of other means of measuring temperature—by thermo- 
meters: mercury-in-glass, alcohol. Then follow: scales of tempera- 
ture, Centigrade and Fahrenheit; the checking of the fixed points; 
maximum and minimum thermometers; the clinical thermometer; 


the conversion of °C. to ? F., and vice versa. 


Experiments — A.39—() 300 c.c. of water, (ii) 600 c.c. of water, are 
heated in beakers by flames of equal sizes. The rises of temperature in 


equal times are different. 7 
4.40—The well-known experiment with three bowls of water, A as hot 
as can be borne, B lukewarm, C cold. The left hand is placed in A, the 
right in C; then both are put into B. B feels cold to the left hand, hot 


to the right hand. 3 

A41—A thermometer tube may be filled with water to show the method 
of filling, but it is not worth taking a long time either over this, or over 
filling a tube with mercury. 

A.42—The fixed points of a laboratory 100? C. thermometer are 


checked, using ice, if available, and steam. — ў е 
A.43—Pupils should be allowed to take readings with: (а) ordinary 


Centigrade and Fahrenheit thermometers; (b) a maximum and minimum 
thermometer—a rota of pupils may be organized to take daily readings, 


ture and the physical sensation 
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the results being recorded in tables and on a graph; (c) a clinical ther- 
mometer— pupils should sterilize it in methylated or surgical spirit, and 


cold water, before use; they may be asked to explain why it should not 
be sterilized in boilirig water. 9 


A(15) THERMAL EXPANSION OF SOLIDS, LIQUIDS AND GASES 


The effects and applications of expansion are discussed, including 
examples: (i) where expansion is a nuisance that has to be overcome 
—in railway lines, bridges, telegraph wires, the compensation of 
clocks and watches; (її) where expansion serves a useful purpose—in 
thermometers, riveting, the fixing of steel tyres oi: locomotive wheels, 
compound strips used as fire alarms and as thermostats. 

The ‘anomalous’ expansion of water, and the fact that water has 


a ‘temperature of maximum density’ at about 4° C., should be 
mentioned. 


mall jam-jar, (ii) in a 
5 is explained in terms of 
-conducting properties and the 
ment raises many questions, e.g. 
rack? (c) The electrical experiment 


r. The experi 
al saucepan c 


i : | y an ordinary thermometer; 
but a more interesting method is to fit a round-bottomed glass flask 
with a rubber bung carrying a length of glass tubing, fill it with water 


air temperature is blood 
heat, the flask should be warmed gently with a flame.) AES 


A(16) MEASUREMENT OF QUANTITY OF 


HEAT—HEAT UNITS (calorie, 
B.Th.U.)—SPECIFIC HEAT 


Possible introduction — 


Experiment 4.39 may be referred to, or 
repeated. A quantity of 


heat raises the temperature of the 600 c.c. 
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of water through a certain range. An equal quantity of heat—equal 
because the flames are of the same size, and burning for the same time 
—raises the temperature of the 300 c.c. of water through twice the 
range. This suggests that we might reasonably use water as a means 
of measuring quantity of heat: one heat unit, or calorie, is the heat 
required to raise the temperature of 1 gm. of water by 1° C. (Similarly 
for B.Th.U.) Simple calculations on calories (B.Th.U.) required to 
raise the temperature of gm. (Ib.) of water through °C. (°F.) may 
now be made. ч 

We cannot assume that 1 calorie will raise the temperature of 1 gm. 
of some other liquia’ through 1° C. This has to be decided by experi- 
ment (4.47), which leads to the idea and definition of specific heat. 


Method of mixtures. What happens when a hot body А is put in 
contact with a cold body B?—A loses heat, B gains heat. If there is 
no loss of heat to, or gain from, the surroundings, 


heat lost by A — heat gained by B. 


Hence we have experiment 4.48. 
Simple numerical problems (п 


be given. 

Experiments — A.47—Does | gm. of a liquid other than water (e.g. paraf- 
fin) require 1 calorie to raise its temperature by 1° C.? In other words, is 
paraffin the same as water in ‘heat capacity’? 400 gm. (400 c.c.) of water 
are measured by means of a measuring cylinder and placed in a beaker 
or can over a medium-sized flame. The time taken to raise the tempera- 
ture by, say, 10° C. is measured. The beaker or can is emptied and 


400gm. __ . 500 c.c.) of paraffin are meas- 


me time. A considerably 
so the answer to the question above 


is ‘Nol’, Specific heat is defined, and a value for the specific heat of 
(If this experiment 15 done by | ‹ 
possibility of fire. A possible substitute for 


paraffin is saturated brine, which has à density of 1-2 gm. per c.c. and 


a specific heat of about rie А К. i 

A.48—Specific heats of solids and liquids may be determined in a simple 
fashion by the method of mixtures. Solids: the hot solid is added to 
cold water in a thin m imeter. Liquids: a hot solid of known 
specific heat is added to the cold liquid. (Beam balances weighing to 
two or more places of decimals should not be used; they waste too 
much time and do not add to accuracy. Pupils should weigh solids to the 
nearest gram on spring balances, or beam balances without fractional 
weights, and measure liquids in measuring cylinders. If the density is 
unknown, the liquids may also be weighed on spring balances. If 
available, ‘thick calorimeters’ may be used to find specific heats of 
liquids, but this is by no means essential. 


ot using water equivalents) should 
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А(17) CHANGE OF STATE—LATENT HEATS OF FUSION AND EVAPORA- 
TION, AND SIMPLE DETERMINATIONS FOR WATER 
г D 


Possible introduction — Experiment 4.49 should be performed, and 
the class invited to think about its results. If 50 gm. of water are 
added to the ice, the temperature of the water falls from, perhaps, 
30? C; to10° C., giving out 1500 calories, yet the temperature of the 
ice does not rise; it remains at 0° C. Apparently ‘heat gained = heat 
lost’ does not work here?—What has happened?— Ice melts.—Heat 
is used in melting ice without rise of temperature. Hence we arrive at 
the idea of latent heat of fusion; allowing for this, *heat gained — 
heat lost’ remains correct, 

At the end of the experiment, tke water is heated, but becomes no 
hotter; the temperature does not rise, and so we have the idea of 
latent heat of evaporation. Experiment A.50isa simple, but not very 
accurate, method of determining this quantity. è 


If no ice is available, experiment 4.57 and the first part of 4.49 


ple EUM problems on latent heats should be given; and 
ay 


Sim 
also everyday examples: e.g. why ice is more cooling than an equal 
weight of cold water; why wat 


Experiments — 4.49—A 500 c.c. beaker is filled with pi i 
4.4 С. eces of ice, and a 
thermometer Is inserted (0° С.). About 50 С.С. of Жалы Water аге added 
ч шш eus of Ше d melts, but the temperature is still 0° C. 
ext, the 'eaker is placed on a tripod and auze, and 
gently with stirring. So long as much ice is |, E EL 


on of water.—250 c.c. of water 
ү . the temperature о r is 
taken, and the time, T minutes required 5 the wate 
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putting on another piece of ice as a lid. The ice melted is poured out 
and weighed: 

mass of water x L — mass of solid x specific heat x (initial temp. — 0°) 
This is ‘Black’s ice-calorimeter’.* (If no ice is available, the idea of the 
experiment can be demonstrated by using paraffin wax instead.) 


A(18) MELTING POINTS—COOLING CURVES—THE EFFECT OF PRESSURE 
ON MELTING POINTS 


This work follows quite naturally after latent heat. The ‘quill-tube’ 
method, used by the chemist, to determine melting points of small 


quantities of solids may be demonstrated. 


Experiment — A.52—Cooling curves, between 100° C. and a temperature 
a little above that of the room, are plotted for: (i) water; (її) a single 
Substance (not a mixture) with a convenient melting point, e.g. naph- 
thalene; (iji) a mixture, e.g. wax. The water is used as a ‘control’, The 
curve for naphthalene should show a definitely horizontal part. Wax 
gives a curve with a portion which is flattened but not horizontal. 


The class should be asked to explain the differences between the 
cooling curves obtained for water, naphthalene and wax. 

If the class has no,‘everyday’ knowledge of snow and ice, the effect 
ОЁ pressure should be mentioned only briefly, and work on 'regela- 


tion' omitted. 


A(19) BOILING AND EVAPORATION—EFFECT OF PRESSURE ON BOILING 


POINTS 
Evaporation occurs at all temperatures, and takes place from the 


liquid surface only. i 
Boiling occurs at one particular temperature which depends on the 


Pressure; and takes place throughout the liquid. We know a liquid is 
boiling when we see many bubbles rising; these are bubbles of vapour. 


Experiment — A.53—Pupils notice carefully exactly what does happen 
When a beaker of cold water is heated to boiling point. They should see: 
(i) The initial cloudiness on the outside of the beaker (they may also 
feel it) due to drops of condensed water. Where from? (ij) That the 
cloudiness disappears.—Why? (iii) That bubbles appear on the inside 
surface of the beaker.—Why ?—Bubbles of what ?—Is the water boiling? 


(v) Th rature approaches 100° C. larger bubbles appear at 
ыа vanish.— What are the reasons? The 'singing" 


the bottom, start to rise, j 
of a kettle is compared. (v) That when the temperature is at or about 
100° C., larger bubbles rise to the surface and much steam is given off. 
—Is the water boiling? 


* Joseph Black, 1728-99, Professor of Anatomy and Chemistry at the 
University of Glasgow. 
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*Condensation' and ‘distillation’ should be mentioned. 


Experiment — A.54—The well-known experiment of boiling water under 
reduced pressure іп a round-bottom. d flask, which is turned upside- 
down and has cold water poured over it. (Milk is better than water: it 
does not ‘bump’. Pupils should not, however, get the impression that 
the phenomenon is concerned solely with milk!) 


A(20) DEW-POINT—HUMIDITY OF AIR 


Where does the water-vapour in the air come from? Humidity of the 
air, and its expression as a percentage, is discussed, but ‘relative 
humidities’ are not calculated at this stage. Refetence is made to dew, 
mist, clouds, rain and the ‘water cycle’. 


Experiment — A.55—The determination of the dew-point: the simple 
Regnault apparatus is better than the complicated Daniell’s hygro- 
meter. If the special Regnault glass-and-nickel tube is not available, a 
thin, polished, copper calorimeter will serve the purpose, A bicycle 
pump may be used to bubble air through the ether. (This must be done 
very slowly, and pupils must not breathe on the polished surface.) 


The wet-and-dry-bulb hygrometer should be explained. 


A(21) CONVERSION OF WOPK INTO HEAT—HEAT AS A FORM OF ENERGY 


A possible starting point is the ‘heat gained = heat lost’ relation of 
calorimetry. Is this always true? Are there any cases in which heat is 
gained when there is no apparent loss somewhere else?—Yes, e.g. in 
the use of tools, such as saws, drills (especially blunt drills), hammer; 
the heating of the brakes of a cycle or car; etc. In all these cases, heat 
is produced when work is done, usually against friction. Heat is pro- 
duced from work. Or kinetic energy of motion is lost, and heat 
appears. The class is reminded of conservation of energy (Section 
A(11)). If this principle is to remain true, heat must be regarded as a 
form of energy. 

Experimental determination of the mechanical equivalent of heat 
is not needed at this stage, and it may be thought that qualitative 
experiments on the conversion of work into heat are unnecessary. 
Perhaps one rather striking experiment may be performed, e.g. an 
attempt to bore a hole in a piece of metal, using considerable pressure 
on a blunt drill. 

Conversion of heat into work. There should be a very simple discus- 
sion of steam and internal combustion engines. The amount of time 
spent on this depends upon the interest and importance attached to 
it by teacher and class. Some teachers will prefer a historical treat- 
ment. Others will confine themselves to a description of the working 
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= one type of piston steam-engine, and a four-stroke internal com- 

ustion engine. If possible, mention should also be made of: (/) steam 
EUH (ii) the two-stroke cycle; (iii) jet engines. A working model 
of a piston-type engine should be demonstrated. 


А. 
А(22) CONDUCTION—CONVECTION—RADIATION 


Conduction. А bar of iron and a stick of wood lie together on the 
ground, in hot sunshine. They аге at the same temperature.— Which 
feels the hotter when picked up? The class can discuss its experiences 
When walking with bare feet on surfaces of different kinds (a) in sun- 
Shine, (b) in the cool of evening. Presumably all these surfaces are at 
the same temperature.—Why? Yet they ‘conduct’ heat to the feet (or 
from the feet) at different rates. Before the subject is exhausted the 
teacher changes the focus of attention by announcing a competition 
between members of the class in pairs: who can hold a metal rod the 


longer? á 

Experiment — 4.56—One of each pair is given a copper rod, the other 
à similar rod of iron. The rods are held with ends touching in a flame. 
—The copper rod is dropped first. The pupils change places: the copper 
is still dropped first. (Pupils should be warned that this is not a test of 
endurance: as soon as the rod becomes uncomfortable to hold it should 
be put down, with the hot end on a piece of iron, brick, asbestos or 
any other suitable material provided for the purpose.) The iron becomes 
red-hot, but not the copper.—Can the class explain? 

" The meaning of the statement *copper conducts heat better than 

Iron does’ is now clear. 

Experiment — 4,57—Pupils may test non-conductors such as paper and 
тар by wrapping them round the copper bar (in experiment 4.56) before 
holding it in the flame. The following is a convincing demonstration 
that Copper is a better conductor than wood: a piece of copper wire 
(Bauge 16) is cut to the same length as à match stick (it is about the 
Same thickness, or less, if anything). The match is struck and one end 
of the wire is held in the flame. The wire has to be dropped before the 
match burns down. 


Applications to everyday life may 


handles, the lagging of steam pipes an 
conclusion, the teacher can heat two test-tubes at the top, one con- 


taining water and the other mercury, thus showing (by allowing 
Pupils to feel the bottom ends) that mercury is a much better con- 
ductor of heat than water. Pupils may write up one, or two, of these 
experiments, and the teacher assists them to arrive at a statement of 
What is meant by the process of heat transference known as 


‹ . 
conduction’. 
T.P.—s 


now be considered, e.g. saucepan 
d locomotive boilers, etc. In 
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Convection. (See ‘specimen lesson’, pages 22-4.) The usual experi- 
ment with permanganate is performed, or the following: 


i — A.58—A small quantity of aluminium powder of the kind 
x атт а aluminium paint is required. А beaker is partly filled 
with water and a few drops of a 'soapless detergent (one of the soap 
powder substitutes) is added and stirred. A pinch of aluminium powder 
is dropped in and stirred. (It mixes, but in water alone it goes into 
lumps.) Convection currents, shown by the movement of the aluminium, 
may be studied for as long as is wished. Alternatively the powder can 
be mixed with water plus detergent in a boiling-tube provided with a 
cork. Unless the room temperature is really high, approaching that of 
the body, the warmth of a finger placed against'the tube is quite enough 
to start the convection currents—otherwise a touch against the side of 
the tube with a flame will suffice. The movement is clearly visible. 


Benzene can be used instead of water plus detergent, but benzene must 
not be heated with a flame. 


*Convection' should now be defined. 


Experiment — A.59—Convection currents in air: (a) A piece of really thin 
"tissue' paper is twisted into a single-layer cylinder, placed on a bench 
(free from draughts) and lit round the top edge. It burns down and 
finally the convection currents carry the ash floating upwards. (b) If 
‘meta’ (metaldehyde) fuel ic available, a tablet may be placed on a tin 
lid. One leg of a tripod (the thicker the better) is heated till it has almost 
reached a red heat, and is placed on the tablet. (c) The experiment with 
a candle placed in a shallow dish of water and surrounded by a wide glass 
tube carrying a T-piece of cardboard. 


The following should be discussed: (а) The conductivities of 
common materials in relation to their uses, e.g. cotton and woollen 
clothing, heat insulation. (6) The Davy lamp. (c) Ventilation. (d) 
Land and sea breezes, trade winds. (е) The cooling system of an auto- 
mobile engine. (f) The ‘thermos’ (vacuum) flask (experiment 4.60). 

Radiation. In discussing the vacuum flask, (f) above, its actions in 
reducing heat conveyance by conduction and convection are pointed 
out.—But why is the flask ‘silvered’? This leads to a discussion of a 
third process, radiation. How does heat reach us from the Sun? 
Experiment 4.61 should be described if it cannot be performed. Thus 
we arrive at the idea of ‘radiant energy', which can be emitted from 


one body, transmitted through a material substance or a vacuum and 
absorbed by another body. 


Experiments — A.60—The comparison of the rate of cooling of equal 


quantities of hot water іп: (/) an open beaker; (ii) a beaker covered by 
a lid; (iii) a corked vacuum flask. 


A.61—The heating element of an electric bowl fire is suspended in a bell- 
jar, which is placed on the receiver of a vacuum pump and evacuated. 
A thermometer placed outside the jar shows a rise of temperature. 
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The term ‘radiant heat’ should be avoided: heat is molecular 


motion. 
Theory. Simple molecular theories of conduction and convection 


should be given. 

Radiation: any particle or molecule above absolute zero of tempera- 
ture is vibrating, and radiates waves, just as a vibrating cork on a 
pond radiates water waves. A cork at the edge of the pond takes up 
the vibration when the waves reach it, and similarly the waves 
radiated by the Sun set the particles on the Earth vibrating: the Earth 
becomes warm. The waves emitted from hot bodies are not the same 
as water waves, and heir exact nature must be left for later discus- 
sion. But, like water waves, they carry energy and, when they are 


absorbed, this energy is converted to heat. 


A(23) EFFECT OF THE NATURE OF A SURFACE ON THE ENERGY RADIATED 


AND ABSORBED BY IT 4 


Experiment 4.62 shows that dark surfaces are better absorbers of 
radiant energy than light or polished surfaces. Experiment 4.63 
shows that a black surface is a better emitter 'of radiant energy than 


a polished surface. ^" 


Experiments — A.62—(a) Two exactly у u 
and thermometers are fitted into the lids. One can is left polished, the 


other is painted black, or blackened with soot from a candle or luminous 


bunsen flame. The cans are filled with equal quantities of cold water and 
f wood, out of doors in the sunshine. The rises 


d: which is the faster? (b) The temperatures of 


similar tin cans with lids are chosen 


centre of the blackened face and one oppos) 5 
face. Asbestos screens аге used to protect the thermometers from direct 
heat from the bunsen. Which thermometer shows the bigger rise of 
temperature? 


Applications should be discussed, e.g. the advantages of: (i) wear- 


ing white clothes; (її) painting the roof of a car with aluminium or 
glossy white paint; (iii) having the roof of a house made of polished 


. aluminium sheet instead of galvanized iron. 
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Finally we should return to the ‘thermos’ flask and discuss how its 
construction reduces heat loss by all three processes. 


‹ 
А(24) RECTILINEAR PROPAGATION OF LIGHT 


(‘Light travels in straight lines.’) The pin-hole camera, shadows, and 
eclipses of the Sun and the Moon are discussed. 

Shadow effects can be obtained by placing obstacles between a 
screen and (i) a small light source, such as an automobile side lamp 
or a candle, then (ii) a larger source, such as a frosted or opal electric 
light bulb or a large oil lamp. A darkened room is required. 

Balls of different sizes may be used to dernonstrate the relative 
positions of Sun, Moon and Earth during eclipses. Attempts to 
demonstrate eclipses in a darkened room, using a light source to 
represent the Sun, are likely to be disappointing because the correct 
relative distances cannot be provided. For example, if the Sun is 
represented by a bulb of 3" diameter, then the correct diameter for 
the ‘Earth’ is 55; inch, and their distance apart is about 9 yards! 
However, some kind of projection lantern may be used as the ‘Sun’, 


a football as the *Earth', and a cricket, hockey or tennis ball as the 
*Moon'. 


Experiment — A.64—(a) A,narrow parallel beam of light (from a ‘light- 
box’ ог ‘ray-box’ provided with a lens, or sunlight from a hole in a 
shutter) is passed through smoke, or through water into which powdered 
chalk has been stirred. 

(b) A pin-hole camera may be made from any cardboard box with 
close-fitting lid. One end is removed and replaced by tracing-paper. 
The pin-hole, which is fairly large, perhaps 2 mm. diameter, is in the 
middle of the opposite end. 

To take photographs, a really light-tight lid, fitting right over the box, 
is required. The inside of the lid and the outside of the box should be 
covered in black velvet. Instead of the tracing-paper a photographic 
plate is mounted at one end. A hole is made through lid and box at the 
other end by using a cork-borer. A piece of black paper, of the kind 
used for wrapping photographic plates, is stuck inside the box over the 
hole. It is then pierced by a very fine needle. The hole in the lid and box 
is then covered by a piece of opaque adhesive plaster. The camera is 
removed to a darkroom, and the plate is fastened in place with adhesive 
plaster, or loaded into the holder made for it. Then the camera is 
mounted in the required position and the adhesive plaster over the 
pinhole is removed. An exposure of several minutes is required. The 
plaster is replaced and the plate is unloaded in the darkroom and 
developed and fixed in the usual way. 


A(25) REFLECTION—LAWS OF REFLECTION 


The following are discussed: glass, water and metals used as mir- 
rors—the importance of a smooth surface; mirrors of silvered glass; 
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lateral inversion; 90? mirrors and parallel mirrors; the periscope; the 

effect of rotating a mirror—the reflected ray turns through twice the 
o 


angle. 


Experiments — A.65—Pupils should examine the images in a small flat 
mirror, noticing how they are reversed (an ink-blob on the left cheek 


appears on the right cheek of the image—and how they are situated, 
not on the mirror surface, but behind it—the observer looks into the 


mirror, not at it. The images only appear to be there; they are virtual 


images. 
A.66—The laws of reflection and the position of the image are shown 
either by using a ray-box, or by pins. 


A.67—The position of an image is found by the parallax method. 


reflection may be demon- 


Some optical illusions depending on 
gh a brick’, a candle burn- 


strated, e.g. *Pepper's ghost’, ‘seeing throu 
ing in a jar of water. 


A(26) REFRACTION AT A PLANE SURFACE 


The laws of refraction are not required at this stage, but only the 
qualitative observation that light passing from air to glass or water 
is bent towards the nozmal. This result isapplied to explain *apparent 
depth', and the apparent bending of a streight stick seen in water. 

Total internal reflection and critical angle. These receive qualitative 
treatment only. Their application to reflecting prisms, mirages and 
gem-stones is described. Refraction in glass and water is demon- 


strated by using a ray-box. . 
A coin is placed in a sink and an observer stands 50 that he just 
cannot see the coin. А partner runs in water; the coin and the bottom 
of the sink can then be seen. 
Pupils should observe that objects seen under water or glass appear 
to be situated higher up than is actually the case. 

Total internal reflection may be demonstrated by: (a) the under 
Surface of water in a beaker held to one side above the observer's 
head; (b) an empty glass test-tube held at an angle in water; (c) 
Silvery cracks in broken glass; (d) 45? prisms used with the ray-box. 


A(27) Lenses (convex and concave, converging and diverging) 


Real and virtual images, and the focal length of a converging lens, are 


Considered. 
Linear magnification is discussed, and the graphical method of 
determining the nature of the images produced by lenses. (Lens cal- 


culations and focal length determinations may be omitted at this 
stage.) 
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Experiment 4.68 shows how lenses behave, and leads to a distinc- 
tion between convex and concave, and real and virtual. 


The next experiment illustrates the converging or diverging prop- 
erties of lenses, and leads to a definition of focal length. 
Experiment — A.69—The action of lenses in Converging or diverging a 


parallel beam should be demonstrated by the use of a ray-box. The 
meaning of focal length should be explained. 


ation. Ray 
Observed. 


Experiment — A.70—Almost any sufficiently bright Source of light may 


used, with a convex lens and a Screen, to show the different sizes of 
real images obtainable, ^ 


A(28) THE PHYsICS ОЕ THE HUMAN. EYE 


(This includes the functions of the cornea, aqueous and vitreous 
humours, the iris, lens and retina.) 


Persistence of vision, binocular vision, and the existence of the 
‘yellow spot’ and the ‘blind Spot’ should be mentioned, 


› lens, iris, etc. A 


containing water, and a convex lens.* 

To show the advantage of two eyes in the estimation of distance, 
a pupil should shut one eye, hold two pencils, one in each hand, and 
try to bring the points together; then he repeats this with both eyes 
open. 


* See The School Science Review, No. 80, page 602 (June 1939), or The Science 
Masters’ Book, Part ПІ, Biology, Series ПІ, page 29, 
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To show the blind spot, each pupil makes a cross and a spot on 
paper, the spot being 23-3" to the right of the cross (see Figure 53). 


о 
FIGURE 53.— To illustrate the blind spot 


(Close the right eye: look at the black circle with the left. Hold the book at arm's length and 
slowly bring it nearer to the cyes. When it is about а foot away—you are still looking at the black 
circle—the cross vanishes, but reappears as you bring the book still closer. Repeat, closing the left 


eye and looking at the cross with the right.) 


Accommodation: long sight and short sight and their correction by 
spectacles are discussed. Diagrams should be given to show: (i) the 
near and far points for the normal, long-sighted and short-sighted 
eye (Figure 54); (ii) rays converging to a point behind the retina in a 


> infinit, 

(a) «Ё д миа". x i жазба. у Mm РЕБЕ 022 
more than infinit, 

(bi E CES eh ede т, guod 2 
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› 
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(с) «d------------- _—— ee 
25cm infinity 


FIGURE 54.—The positions of the near and far points for the normal, long- 
sighted and short-sighted eye 


(o Normal sight—near point 25 cm., far point infinity 
(b) Long sight—near point more than 25 cm., far point infinity А 
(с) Short sight—near point less than 25 cm., far point nearer than infinity 


long-sighted eye, and the correction of this by a convex lens; (iii) rays 
converging before the retina in a short-sighted eye, and correction by 


a concave lens. 


A(29) DISPERSION OF WHITE LIGHT BY A PRISM—THE SPECTRUM 
(Including recombination of the colours to form white light.) 


Some reference to the rainbow should be made, but a full explana- 
tion is impossible at this stage. : 


Experiment — A.71—Newton's experiments with one prism, and with two 
prisms, should be repeated, using, if possible, the same method—that is, 
а beam of sunlight passing through a hole in a dark shutter or blind, 
and falling on to a white wall or screen. The following may also be 
performed: (a) A spectrum is produced by a single prism. (5) The red 
portion of the first spectrum is selected by a slit and passed through a 


258 SYLLABUSES 


second prism—no further colours are produced. Also, the whole of the 
spectrum produced by the first prism gives no new colours when 
passed through a second prism, but only greater dispersion. (c) Two 
prisms, one inverted with respect tó the other, show recombination of 
the colours to produce white light. If sunlight cannot conveniently be 
used, a single-coil headlamp bulb should be placed in a tin can with a 
slit in it, and used as the light source. A convex lens must be used to 
focus an image of the filament about a metre away. The prism(s) are 
placed close to the lens. 


Newton's colour disk should also be demonstrated. 


A(30) COLOUR Р 


(Including the additive and subtractive combination of coloured 
lights and pigments.) 


Experiment 4.72 shows that coloured filters produce colour by 
subtraction. 'This explanation is extended to pigments. 


Experiment — A.72—A Sbectrum of white light is produced by means of 
the apparatus of experiment 4.7/(а). Glass or gelatine filters of different 


colours (red, green, blue, yellow) are placed in the path of the beam and 
the effect on the spectrum is noticed. 


Experiment 4.73 shows that the colour of ar: object depends upon 


the kind of light present:*e.g. in a monochromatic yellow, everything 
looks yellow, or black. 


Experiment — A.73—The different appearances of coloured fabrics seen 
by daylight and artificial light should be demonstrated and discussed. 
The absence of colour in monochromatic light (e.g. a sodium lamp if 
available, otherwise a sodium flame) should also be demonstrated: it is 
a most convincing experiment. 


Addition of various coloured lights may be shown by three lanterns 
containing suitable filters, e.g. red + green + blue = white, but a 
much less expensive apparatus may be used, as in the next experiment. 


Experiments — A.74—An apparatus for experiments on the mixing of 
coloured lights is made as follows. An automobile headlamp bulb, 
6 or 12 volts, with a filament consisting of a single vertical spiral, is 
mounted in a holder on a baseboard about 9 x 7". A small tin can is 
arranged to fit over the bulb, and three slits, about 2” wide, are cut in 
the can, as shown in Figure 55, thus producing three beams. The two 
beams at the side are reflected forwards by mirrors. Red, green and blue 
filters are arranged in the positions shown. By manipulating the mirrors 
we can make the beams overlap on a white screen. The colour effects 
obtained by placing a large pin, or a finger, in the path of the beams 
Should be demonstrated. To make only two beams overlap, one mirror 
may be turned to reflect its beam back to the lamp. Overlapping of one 
primary and one secondary colour should also be shown, e.g. blue 
plus yellow. 
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FIGURE 55.—A coloured-light mixing box 


hs three beams pass through filters, as shown. By adjustment of the mirrors, М, and Ma, the 
the ms may be brought to coincide on a white screen, or ona piece of ground glass to be viewed from 
other side. Experiment 4.74.) 


4.75—Filters of the secondary colours are held in a single beam of white 
light, or simply held up to a window. Thus, for example, yellow over- 
lapped with magenta gives red. This can be explained: 


magenta subtracts green from white light; 

yellow subtracts blue from white light; 

therefore the two together subtract (green + blue) and leave red. 

Various ‘problems’ should be discussed, e.g. “А board is painted in 
three sections, blue, white and green. Describe its appearance when 
Viewed in (i) pure blue light, (її) pure green light, (iii) pure red light.’ 

Many pupils find the subject of *Colour' very difficult to under- 
Stand, especially since the results obtained by mixing coloured lights 
in the physics laboratory differ so much from the results of mixing 
Pigments in the art room. The subject, although of great interest and 
beauty, should therefore be postponed to as late a period as possible, 


and even then should be very carefully presented. 


А OF MAGNETISM 

s of magnets; magn 
magnets and 
d magnetic fiel 


A(31) SIMPLE PHENOMEN: 
(Including: the propertie 
Screening; distinction between 
materials; magnetic fields an 
treatment of neutral points.) 


A knowledge of molecular theories 
at this stage (nor at stage ‘B’). 
A very simple treatment of the Earth’s 
magnetic compass is needed. Dip is ло! inclu 
tion) should be mentioned, but its measurement is not ге 
Experiments — A.76—The properties of bar-magnets: picking up objects 
made of iron and steel; pointing approximately north and south when 


etic induction; magnetic 
unmagnetized magnetic 
d lines; a qualitative 


of magnetism is not required 
magnetic field and the 


ded; variation (declina- 
quired. 


260 SYLLABUSES 


suspended; the existence of poles; north-seeking and south-seeking 
poles; like poles repel, unlike poles attract; result of cutting up a magnet 
made from clock-spring or other easily broken material; poles are equal 
and opposite (showr: by floating a mügnet on a large cork). у 

A.77—Induced magnetism is shown: (a) by attaching steel pins, tin-tacks, 
small nails, or gramophone needles, to a bar-magnet; (Б) by the use of 
a bar of a very easily magnetized alloy, known as mu-metal, for the 
effect of the Earth’s field in producing magnetization. И 

А.78—Марпейс field lines ("lines of force") are shown with iron filings, 
and by compass needle. Neutral points are shown with a compass 
needle. 


A(32) MAGNETIC EFFECT OF AN ELECTRIC CURRENT 


(Including the magnetic fields of a straight wire, a circular coil and 
a solenoid.) 


Electro-magnets and the electric bell are considered. 


Experiments — A.79—The magnetic field lines of a straight.wire, a circular 
coil and a solenoid, aresshown by means of iron filings, and with a 
compass needle. 

A.80—An electromagnet may be made thus: corks are fitted to the ends 
of a piece of glass tubing and 24- or 26-gauge D.C.C.* copper wire is 
wound between. The magnetic effect produced upon passing a current 
through the coil may be shown by placing a compass near one end. A 
much greater effect is seen. when an iron nail, a knitting-needle or iron 
wire is placed inside the tube. 

A.8I—A horsehoe electromagnet. A six-inch iron nail is held in a vice 
and hammered into a U-shape. The head and point are cut off and the 
ends filed smooth. The limbs are wound with D.C.C. copper wire. 

A.82—The electric bell and its action are demonstrated, and the class is 
invited to explain how it works. 

An electric bell can readily be constructed if a few oddments, such 
as the top of an old bicycle bell, are available. An old alarm clock may 
furnish bell and striker and a piece of clock-spring; the electromagnet 
made іп the previous experiment can be used. 


A(33) MAGNETIC PROPERTIES OF IRON AND STEEL 


Experiment — A.83—A simple demonstration of the difference in magnetic 
properties between soft-iron and steel may be made, e.g. by an electro- 
magnet apparatus having interchangeable yoke-pieces of 'stalloy'-iron 
and cast-steel. The weights held by the magnet are noted: (i) with the 
current on; (ii) after switching off; (iii) after switching off, removing the 
yoke-piece, dropping it on the floor and replacing. 


A(34) MAGNETIZATION AND DEMAGNETIZATION 


Experiment — A.84—A magnet is made: (a) by stroking with another 
magnet; (b) by using direct current (D.C.); (c) if possible, by the use of 


* Double cotton covered. 
T See R. R. Hopwood, Science Model Making. 
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alternating current (А.С.). Demagnetizing is shown by: (a) rough 
treatment, (b) heating, (c) if possible, изе of А.С. (or D.C. with a 


reversing switch). ^ ы 
A(35) MAGNETIC EFFECT OF AN ELECTRIC CURRENT (continued) 


The behaviour of (a) a straight wire, (b) a coil, carrying current in a 
magnetic field. 
Galvanometers and ammeters. The action of simple moving-magnet, 
moving-coil and moving-iron instruments should be considered. 
Neither the definition of the ampere, nor the method of calibrating 
an ammeter in amperes, should be explained at this stage. The 
ampere is regarded simply as the unit in which electric current is 


measured. 2 
Experiment — A.85—(a) A piece of flexible wire is placed on the top of a 
powerful bar-magnet standing upright on the bench, and current from 

an accumulator is momentarily shorted through the wire. 
(b) A small coil of fine wire is suspended, by the two wires that lead the 


current into and out of the coil, between opposite poles of two bar- 
magnets. A light pointer (e.g. a straw) is attached to the coil. The coil is 
initially parallel to the magnetic field lines: it turns when the current is 


Switched on. : 

The make-up of a moving- 
meters contained in transparen 

The simple D.C. motor. The poss 
follows logically from experiment 
motor should be constructed. 


coil ammeter should be studied. (Am- 
t cases are now on the market.) 

ibility of making such a motor 
4.85. A simple demonstration 


A(36) HEATING EFFECT OF AN ELECTRIC CURRENT 
filament lamps and fuses.) 


(Including applications to electric fires, | 
No calculations on heating effects are required. 


Experiment — A.86—If electric mains are available, about two metres of 
nickel-chrome wire (gauge 28), as used for an electric heater, are 
stretched over the bench and joined through a large rheostat to a mains 
plug. When the current is switched on, and increased by means of the 
rheostat, the wire begins to, glow. As the current is increased, the wire 
glows brighter, and finally fuses. (Pupils should be kept clear of falling 


Pieces.) This demonstration also illustrates thermal expansion in à 
i f white card should be attached to a 


most striking manner—a piece О 1 › 
Short piece of wire hooked on to the middle of the stretched wire 


carrying the current. 


A(37) CHEMICAL EFFECT OF AN ELECTRIC CURRENT 


Electrolytes and non-electrolytes. 


Experiment — A.87—1Iwo pieces О 
about 1 cm. wide (cut with shears 


f thick copper wire, or copper strip 
), are bent into the shape of an S, so 
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FIGURE 56.—The apparatus for discovering whether a liquid is an electrolyte. 
(Experiment 4.87) 2 


that they can be hung on the edge of a beaker (Figure 56). In order to 
collect the gases, the ends of these electrodes may be covered by inverted 
test-tubes. The middle parts of the electrodes may, with advantage, be 
painted with shellac varnish, but this is not essential. The electrodes 
are first placed in the empty beaker, and are joined throvgh a lamp to a 
battery. The lamp does not glow. If distilled water or drinking water is 
poured into the beaker, the lamp remains dark. Water is a non-electro- 
lyte. When substances such as salt or sulphuric acid are added to the 
water, the lamp glows brightly: these solutions are electrolytes. Gases 
are given off from one or both electrodes, and may be tested. One 
electrode (that joined to the negative of the battery) liberates a gas that 
burns, usually with a *pop', when a light is applied to the test-tube: 
hydrogen. With solutions of substances such as sugar, the lamp does not 
glow: they are non-electrolytes. 

For this experiment, a six-volt automobile lamp and a six-volt accu- 
mulator (or 12-volt lamp and accumulator) are suitable. A lower 
voltage can be used with a flash-lamp bulb, but, in this case, the evolution 
of gas is very slow. A mains lamp and mains current can be used, but 


then there is danger of shock, and the apparatus must ло! be touched 
by the pupils. 


Electrolysis of dilute sulphuric acid and copper-sulphate solution 
should be included, and electroplating should be discussed. 


Experiment — A.88—The apparatus of Figure 56 should be used to 
demonstrate the electrolysis of: (a) strong copper-sulphate solution, (5) 
dilute sulphuric acid. In the latter case, a blue coloration due to the 
formation of copper sulphate will be seen after a time. A carbon anode 
(from an old dry battery) may be substituted: oxygen will then be given 
off. The bulb may, of course, now be dispensed with, and a 4-volt 
accumulator battery be used. 


A(38) ELECTRIC CURRENT—THE AMPERE—QUANTITY OF ELECTRICITY 
—THE COULOMB 


The phenomena already studied (particularly the heating and 
chemical effects) suggest that an ‘electric current’ does actually con- 
sist of something flowing. We have seen that an electric current has 
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also a magnetic effect, that it can produce motion (the electric motor 
may be mentioned) and that it can deflect the pointer of an ‘ammeter’. 
The ammeter is calibrated іпоатрегеѕ by a method (the current 
balance) that cannot usefully be described at this stage; the calibra- 
tion, and the definition of the ampere, must be accepted for the 


present. 


A(39) ELECTRICAL ENERGY 
The relationship between current and quantity is illustrated by the 


water analogy. 
In an electric motór: ( 
electrical energy——» mechanical energy. 


In an electric fire, or lamp bulb: 
electrical energy ——-heat energy. 


In the electrolysis of water: ; 
‘electrical energy + water——>chemical energy + 
hydrogen + oxygen; 


and when the hydrogen is burnt: 
hydrogen + oxygen + chemical energy——— water + heat energy. 


In the boiler of the steam turbine that, drives the generator at à 


power station: 


carbon (coal, etc.) + oxygen + chemical energy ——>carbon dioxide 


+ heat energy; 


in the turbine: - nad 
heat energy—— kinetic energy of rotation; 


and in the generator: | 
kinetic energy—>electrical energy. 
Production of electrical energy from a battery, or from water- 
power, may also be discussed. A clear distinction should be drawn be- 
tween ‘electricity’ (whatever that may be—we have not much idea at 
this stage) and electrical energy, just as we distinguish between water 
and the potential energy possessed by water, at the top of a waterfall 


for example. 


A(40) POTENTIAL DIFFERENCE—THE VOLT 
) may be regarded as total potential 


El i .M.F. 
ectromotive force (E. but definitions need 


difference (P.D.) available from à battery, 
not be learnt at this stage. 
Water energy — level difference x weight of water 
ft.-Ib. = ft. x lb. wt. 
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Similarly: 
Electrical energy — electrical level difference x quantity of 
. (potential difference) electricity 
joules = volts X coulombs 
A(41) CELLS 


The simple cell, and wet and dry Leclanché cells are examined. 
The treatment includes polarization and local action in the simple 


cell. The means taken to avoid these disadvantages in a Leclanché 

cell should be discussed. e 

Experiment — A.89— Materials: a small glass beaker containing diluted 
sulphuric acid (one part by volume of acid to two of water); pieces of 
zinc and copper bent so that they can hang on the rim of the beaker, 
with wires attached; a torch bulb, 2-5-volt type, in holder. The circuit 
is connected, and we notice that the bulb shines brightly at first, but 
ceases to glow after a minute or so (polarization). Brightness is restored 
by rubbing the hydrogen off the copper plate. The zinc dissolves even 
when no current is taken (local action). 


A(42) ACCUMULATORS (secondary batteries) 


Simple theory only, without chemical equations, is required for either 
the lead or the alkaline type. 


=> t 


ammeter rheostat 


lead in dilute 
Sulphuric acid 


FIGURE 57.—The charging of a simple accumulator. (Experiment 4.90) 


Experiment — A.90—The circuit shown in Figure 57 is joined up. The 
‘source’ is any direct-current supply of about 4 volts e.m.f. and capable 
of supplying one ampere. The ‘accumulator’ consists of two pieces of 
clean lead sheet, about 4” x 1" immersed in diluted sulphuric acid, one 
part by volume of acid to, three of water. R is a small rheostat and A 
an ammeter. The rheostat is adjusted for a reading of 1 ampere. This 
current is maintained for two minutes, then the plates are examined 
and the changes noted. The ‘accumulator’ is disconnected, and connected 
through the ammeter to a 2:5-volt flash-lamp bulb. (Unless the ammeter 
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is a centre-zero type, it must be reversed.) The bulb glows brightly, but 
fades out after about a minute. Recharging and discharging can be 
repeated as often as wished, and, to some extent, the ‘capacity’ of the 


accumulator is increased by this process. 


Some practical type of accumulator should be studied, and its 
make-up compared with that of the simple type described above. 
Care and maintenance, including practical details of charging or dis- 
charging, should be understood. Pupils may be made responsible, 
under the master’s supervision, for the maintenance of laboratory 


accumulators. 


A(43) OHM’s LAW—RESISTANCE—THE OHM 
(Including calculations.) = 
Experiment — A.91—Apparatus: four exactly similar cells (accumulators, 

Leclanché or dry cells), а sensitive pointer or mirror type of galvano- 

meter, and апу sort of resistor (whose resistance need not be known) 
Such that the four cells joined to the galvanometer through the resistor 
ive a nearly full-scale deflexion. Deflexions with 1, 2, 3 and 4 cells are 
noticed, hence we find: 

deflexion © number of cells used, 
or zurrent cc potential-difference (Ohm’s law). 


Resistances in series 


Experiment — A.92—The parallel resistance formula (and the series for- 
hile) can be verified by using various 


mula, if it is thought worth w 

resistors connected singly, or in parallel (or series), to a two-volt accu- 
mulator, The current is determined with an ammeter; and the P.D., 
across the single resistor or combination, with a voltmeter; hence the 
resistance is calculated in each case. 


A(44) THE WIRING OF BUILDINGS; SWITCHES AND FUSES 


Switches, lamp-holders and fuse-boxes of the types in local use should 
Lamps and fuses should be 


be purchased and mounted on a board. 

provided and the whole system joined to the mains. House lighting 
circuits may be demonstrated; also, how a fuse ‘blows’, and how it 
is replaced. A domestic type kilowatt-hour meter may perhaps be 
Obtained on loan from the local electric power company and included 


on the demonstration board. 


KILOWATT AND KILOWATT-HOUR 
gthe equation, watts — volts х amperes, 
urrent in a circuit.) 


A(45) POWER: THE WATT, 
(Including calculations usin. 
and on the cost of maintaining ¢ 
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A(46) SIMPLE PHENOMENA OF ELECTROMAGNETIC INDUCTION 


One simple form of A.C. generator, such as the bicycle dynamo, 
should be studied. 


Experiment — A.93—A bar-magnet is used with a coil joined to a centre- 
zero type of galvanometer. Pupils should note how the magnitude of the 
induced current depends on the strength of the magnet (using two similar 
magnets instead of one) and the rate at which the magnet is moved. The 
directions of the deflexions for the various movements of the magnet 
should also be observed. The magnet may be suspended by a string and 
made to rotate near one end of the coil; the galvanometer then shows 
an alternating current. This is the principle o^ the bicycle dynamo. 
The electric motor may also be used as a dynamo. 


A(47) A.C. TRANSFORMER—INDUCTION COIL 


Experiment — A.94—A primary and a secondary coil are used, the 
secondary joined to a centre-zero type of galvanometer, and the primary 
to a battery and an on-off switch. If the coils are linked by iron bars, 
strip or wire, the effects are observed to be greatly increased. An alter- 
nating current in the primary gives rise to an alternating current in the 
secondary. A useful piece of apparatus is a transformer with removable 
coils, and iron in the form of U- and 1-ріесеѕ that can be clamped to- 
ее These can be obtained from instrument suppliers, or may be 
made. 


А small induction coil working from a 2- ог 4-volt accumulator 
should be available. 


The ignition system of a motor-car should be mentioned as an 
application of the principle of the induction coil. 


SYLDABUS'B'* ào 


Physics as a Main Subject at an Elementary Level 
(Material Additional to Syllabus ‘A’—see page 227) 


B(1) COEFFICIENT OF FRICTION 
The forces acting on a block at rest on à horizontal table, and the 
same block pulled h«rizontally (Figure 58), are discussed. 


R 


FIGURE 58.—Forces acting on à block of wood on a horizontal surface 


If P= pull, and F= friction, then PSE 
If W = weight, and R = normal reaction, W = R 
_ И F 
The coefficient is defined as limiting friction. ie. и = = 
normal reaction R 
sliding friction are obtained from experiment B.1, and 


is determined. 

hould be included. 

Experiment — В.1—Тһе apparatus shown in Figure 58(b) is used, and 
weights are placed on the pan till the block just moves (the table or 
board should not be shaken Or tapped). Moving friction is less than 
limiting friction. Limiting friction is determined for different faces of the 
block in contact. Hence we show that friction is independent of the areas 

of the surface in contact. Extra weights are placed on top of the block 


* The experiments, etc., in these syllabuses will be found in greater detail in 
the author's three text-books: Hydrostatics, Mechanics and Sound; Heat and 
Light; and Introduction to Electricity (John Murray, London). 


eee 


The laws of 
и between two surfaces 
Numerical problems s 
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and limiting friction is determined for different values of normal reac- 
tion. A table such as the following is obtained — 


Results. Weight of bloCk = 650 gm. 


1,500 2,150 480 535 0:25 


Weight of scale pan 55 gm. 

| ] it | | 
| Extra wt. | тош! E Ww Extra wt. Pall р ! Coefficient an | 
| Еш “л? Vem) =? pi enon 

| 0 650 110 165 0-25 | 
| 500 1,150 250 305 0:26 | 
| 1,000 1,650 410 465 0-28 | 
| | 


Average = 0-26 


The values of the coefficient of friction are very approximately con- 
stant; therefore friction between two surfaces is directly proportional to 
the normal reaction pressing them together. ° 


B(2) CENTRE OF GRAVITY AND STABILITY—STABLE, UNSTABLE AND 
NEUTRAL EQUILIBRIUM—THE BALANCE 


The effect of centre of gravity on stability may be demonstrated by 
tilting a chair till it topples, i.e. till the centre of gravity is above the 
line of contact of the legs with the floor. Balanced on two legs, it is 
in unstable equilibrium, on all four, it is stable. Other examples of 
stable, unstable and neutral equilibrium are shown in Figure 59 for 
a cone (a), for an object freely suspended on an axis (b), and for a 
ball on a curved ог a horizontal surface (с). 

The balance. Its structure and use, and accurate weighing by a 
balance with unequal arms, are considered. The balance should be 


treated as an example of stable equilibrium, but по formulae or 
calculations are required. 


B(3) VECTOR QUANTITIES—THE PARALLELOGRAM LAW—RESOLUTION 
OF NON-PARALLEL VELOCITIES AND FORCES 


Most problems set at this stage concern forces, but perhaps the easiest 
approach is by a consideration of velocities. The pupils may decide 
what happens, for instance, to a man who rows due north for one 
hour, with a speed of 3 m.p.h. in a current of 1 m.p.h. flowing in a 
south-easterly direction; where does he get to? Or they may consider 
an aircraft flying at 250 m.p.h. in a 50 m.p.h. wind. Thus the pupils 
can be led to ‘discover’ the theorem of the parallelogram of velocities. 

This leads to the idea of vectors: quantities that have direction and 
do not add up by ordinary arithmetical laws. The parallelogram law 


ey) as di (ttt) 
FIGURE 59.—Bodies in equilibrium 
(a) A cone on a horizontal surface 
(b) An object freely suspended on an axis 


(c) A ball on curved and flat surfaces 
—(i) Stable, (ii) Unstable, (iii) Neutral equilibrium 


FIGURE 60.—To show the рагаПејовта law for co-planar forces. (Experi- 
ment 
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applies to additions of velocities in different directions.—Does it also 
apply to other vectors; in particular, to force? 

The resultant of two forces is defified as ‘one force which has the 
same effect as two forces acting together’. The parallelogram law for 
forces is stated. Experiment B.2 is then performed to test the law. 


Experiment — B.2—Figure 60 shows one form of apparatus. Three 
strings are knotted together; two of them pass over pulleys and carry 
weights, the third carries a weight hanging vertically. The angles between 
P and Q are measured and these, together with the values of P and Q, 
enable us to find by scale drawing, or by calculation, the value and 
direction of A, represented by the diagonal ofthe parallelogram. We 
wish to show that R is, in fact, the resultant of P and О. P and О are 
balanced by the third force S, therefore the resultant of P and Q is 
equal and opposite to S. If we find that R is also equal and opposite 
to S, then A equals the resultant of P and О; that is, the parallelogram 
law is the correct method of finding the resultant of two forces. 


Resolution of a single force into components is next'considered. In 


the particular case of components at right angles (Figure 61) the 
components of R are P and Q, given by: 


P = R cos 0 and О = К sin 0. 


R 
| 
У | 
D 
B c T 
Q 
А B 
A P D -5 101b we 
FIGURE 61.—The resolution of a FIGURE 62.—A diagram 
force into two forces at right angles for a problem on forces 


Problem: A uniform rod AB (Figure 62), 3 feet long and weighing 10 Ib., 
is hinged to a vertical wall at 4 and is held in a horizontal position by a 
string at B, which is attached to a point C on the wall 5 feet above А. 
Find the tension in the string and the value and direction of the reaction 
exerted by the hinge on the rod. 


Problems on forces in equilibrium, such as that given above, may 
be solved by using any one of three methods: 
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(a) Parallelogram law. We make use of the facts that, if three non- 
parallel forces are in equilibrium: (i) the three forces must pass 
through a point; (її) the resaltant of any two must be equal and 
opposite to the third. 

(b) Triangle of forces. 1f three forces are in equilibrium they may be 
represented in magnitude and direction by the three sides of a 
triangle taken in order. 

(c) Resolution and moments. If any number of forces are in equili- 
brium: (i) the sum of the components, in any direction, of all the 
forces, equals the sum of the components acting in the opposite 
direction; (ii) the sum of the clockwise moments of all the forces 
about any point in their plane equals the sum of the anti-clock- 
wise moments about the same point. 

Intelligent pupils with plenty of.time for practising problems will 
soon find method (c) the easiest in all cases. Those with a minimum 

of time for the' subject should rely solely on method (a). 


B(4) vELOCITY AND ACCELERATION—THE EQUATIONS OF UNIFORMLY 


ACCELERATED MOTION 


o of distance moved to time taken, and is a scalar 


Speed is the rati 
quantity; velocity is 
distance moved in a straight line 
time taken to move that distance 
and therefore includes the idea of direction; it is a vector quantity. 
Examples of the difference are given, e.g а car moving round a cir- 
cular track with constant speed but ever-changing velocity. 
Acceleration is rate of increase of velocity; its puzzling units of feet 
per sec. per sec. must be explained by simple examples, e.g. problem 1 
below. 
Problem 1. A car is moving at 20 m.p.h.; 
22 m.p.h.; after 2 seconds, 24 m.p-h., and so 0 
— 2 m.p.h. рег sec. Now for а similar problem in ft. per sec. 
A car is moving at 30 ft. per sec.; 1 second later, 33 ft. per sec.; after 
2 seconds, 36 ft. per sec. What is its acceleration? 


— 3 ft. per sec. per sec. 
The class should attempt, without using equations, or any working 

on paper at all, a few examples like problem 2 below. 
Problem 2. (a) А body starts from rest with a constant acceleration of 
10 cm. per sec. per sec. Find its velocity at the end of the following 
Iso how far it has gone from its starting point: 


time intervals; find a W, 
(i) 1 second, (ii) 2 seconds, (iii) 5 seconds. 


1 second later its velocity is 
n. What is its acceleration? 
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(b) A body moving with constant acceleration starts with a velocity of 
3 ft. per sec., and after 5 sec. its velocity is 13 ft. per sec. Find: (i) its 
acceleration; (ії) how far it has travelled. 


(Answers: (a) 10 ёт. per sec., 20 cm. per sec., 50 cm. рег sec.; 5 ст., 
20 cm., 125 cm. (5) 2 ft. per sec.; 40 feet.) 
Distances covered are worked out by remembering that, for uni- 


т А initial velocity +- final velocity 
form acceleration, average velocity =“ “99! T . 
Thus, in problem 2a(ii), initial velocity = 0, final velocity = 20 cm. 
per sec., average vel. = 10cm. per sec.; therefore distance covered in 
2 sec. = 2 x 10 = 20 cm. . › 


Тһе following figures apply to a body falling from rest with a con- 
stant acceleration of 32 ft. per sec. per sec. 


"Time (secs.) З ШӨ Чет 2 З 4 5 
Velocity (ft. per sec.) . 0 32 64 96 128 160 
Distance (feet) .  . 0 16 64 144 256 400 


Dividing the last line of numbers by 16 we get 0, 1, 4, 9, 16, 25, which 
is the same as 0?, 12, 22, 32, 42 52. Thus, when a body moves with a 
constant or uniform acceleration, the distance it covers is propor- 
tional to the square of the time for which it has been moving. 

A numerical example similar to that above may be used at first to 
show that, for uniformly accelerated motion, the distance covered is 
Proportional to the square of the time taken. Galileo, in his experi- 
ments at Pisa, used this deduction in reverse: he showed that distance 
ос (time)?, and concluded that bodies fall with uniform acceleration. 


gether.) This got him into trouble because it 
Aristotle had written, and Aristotle was suppos 
This is one of the first examples of what, п 
granted: namely, that an important question 
experiment and not by the authority of some 
Experiment — B.3—To time a ball rollin 


В.3- n g down an inclined plane and to 
show that, within experimental error, distance oc (time)?, A large steel 
ball-bearing, diameter abo 


disagreed with what 
ed to be always right. 
owadays, we take for 
should be decided by 
famous person. 


5. They are quite 
greased when put а 


way, to keep them 
The best inclined plane is made from two metres length of angle iron, 
resting in V-cuts in pieces of wood 


1 A at either end. The number of inter- 
mediate supports (if any) required depends on the thickness of the iron. 
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The distance is measured with a metre-scale, the time with a stop- 
watch. A much better time-measurer is a *water-clock': water is collected 
in a measuring cylinder from the time the ball starts rolling until it 
stops. The water comes from 4 constant-head device, which is simply 
a tin can with a hole in the bottom. The can is fixed under a tap, and 
the tap is turned so that the can overflows. The measuring cylinder 
collects the water from the hole. (This needs a little adjustment, of 
course.) We find, distance © (volume of water)", or s © 1?. Hence we 
conclude that the ball moves with uniform acceleration. 


The equations of uniformly accelerated^motion аге: 
y uera 
wg. =ut + За? 
y? = u? + 2as 


(f? is sometimes used instead of ‘a’ for accel 
are proved by simple algebraical methods, 


problems. A | j 
Space-time and velocity-time graphs may be discussed at this 


point, or they may be included later (in syllabus С). ү м! 
Experiment B.4 is a ‘free-fall’? method of determining 8; the 
acceleration of gravity, and requires only very simple apparatus. 


Experiment — B.4—A'bar of wood, about 1 yard by 4inch x 3 inch, has 


eration.) The equations 
and are used to solve 


FIGURE 63.—A ‘free-fall’ method for the determination of ‘g’—acceleration 
due to gravity. (Experiment B.4) 
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i at one end, into which a small piece of glass tubing can 
de cies ed At the other end a smaller hole is drilled for fastening 
a piece of cotton. A knitting-needle is,clamped to act as a pivot (passing 
through the glass tube) on which the bar can swing (Figure 63). Two 
pulleys and a stop are arranged so that a heavy metal bob hangs as 
shown in the diagram. The surface of the bob is blackened with soot by 
holding it in a candle flame. When the cotton is burned at A, the bob 
falls and at the same instant the bar swings down and hits the bob 
somewhere near the bottom end of the bar. The bob makes a sooty 
mark. The bob is fixed in its original position, the bar allowed to hang 
vertically, and the distance the bob fell before being hit by the bar is 
measured. The bar is allowed to swing freely and the time taken for 
10 or more oscillations is found; thea the time*for 1 oscillation (/) is 
calculated. This is the time taken for the bob to fall the distance s. Now, 


5 = ut + Aat? 
and u=0,a=g, 
оз = аг, org = 2 


(A strip of white paper may be pinned on the bar where it hits the bob. 
If the white paper is covered with carbon paper, the bob need not be 
blackened.) 2 


The following two topics should be briefly discussed: 

(a) The effect of air resistance. As the falling body accelerates, so air 
resistance increases, until it becomes equal to the weight of the 
body. The body then falls at constant speed—it has reached its 
terminal velocity. We may consider: the 
in-a-vacuum experiment: 
height, for a small insect and 
parachute; an aircraft in a power- 

(6) Variation of ‘g’ over the Earth’s S 


В(5) FoRCE—INERTIA—MASS 


Possible approach — The teacher rolls and slides objects along the 
bench or the floor, tosses them in the air, allows them to fall, swings 
a pendulum bob, makes it move in a circle. Members of the class 


of motion. When a body 
onstant speed in a straight line, or Stay at rest, 
some explanation must be given: an explanation in terms of forces. 
Force causes a body to change its state of rest or uniform motion; 
force accelerates or slows down a body. The complicated motions the 
class has described are now ‘explained? in terms of forces. 


Experiment — B.5—A large box or small cr: 


: > ) ate is fitted with freely-running 
wheels (on ball-bearings, if possible). One or two pupils sit in it. Another 
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pupil pulls it along. He notices the difference between the force needed 
to keep it in slow, steady motion against friction, and the much larger 
force needed to accelerate it, overcoming inertia as well as friction. The 
result is obvious to everyone if the trolley is pulleù by a spring balance 


attached to it. 


Left to itself, a body continues in its state of rest or uniform 
motion; this property is called inertia (experiment B.5). 

Mass is a numerical quantity expressing the amoun 
possessed. 

How do we measure force? The larger the 
required to accelerate it; the greater the acce 
force: 


t of inertia 


mass, the larger the force 
leration, the greater the 


force oc mass X acceleration 


By choosing suitable units for force (dyne or poundal), 
force = mass X acceleration, or P — ma. 


Problems on the use of this equation should be set. 

Some discussion on the following topics should be included: 
(a) The distinction between mass and weight. (5) The slight variation 
in the weight of a body at different places on the Earth's surface. 
(c) The third law, ‘action and reaction are equal and opposite’. 
(Note.—Newton's laws of motion may be quoted, and their history 
discussed, but pupils need not be made to learn them by heart at this 
stage. The meanings of force, mass and weight should be clearly 
explained, but pupils find the conceptions difficult, and, at this stage, 
too much time may easily be spent on explanations.) 


we make: 


B(6) SURFACE TENSION — CAPILLARITY — VISCOSITY — DIFFUSION — 


OSMOSIS 
studied, in turn, in the following 


Each of these phenomena may be t 
way: (a) Simple demonstrations, such as those mentioned below, 
should be performed. No qualitative treatment is required. (b) The 
experimental observations lead to a discussion of the nature of the 

Je language. (c) Simple explana- 


phenomena and definitions in simp e 
tions in terms of intermolecular forces and molecular motion should 


be given. 


Surface tension and capillarity: 
differences between drops of mercury and 


at 80° C., and the liquid drops are almos T 
density of liquid naphthalene is almost the same as that of water. Aniline 
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e used. (c) A drinking-glass is filled with water and extra 
Чор е еши ey water ‘bulges over the sides’. (d) A razor-blade 
is floated on water. (e) The hairs of a wetted paint brush are held 
together by water.’The brush looks quite different when immersed in 
water. (f) The rise of water in narrow tubes is demonstrated. We also 
notice the rise of the water when one end of (i) a sponge, (ii) a cloth, 
(ii) a piece of chalk, is dipped in water. (g) Soap films: (i) A loop of 
cotton is dropped on a soap film formed on a wire frame. The film is 
punctured inside the cotton, which is pulled into a circular shape by the 
unpunctured film outside. (ii) A soap bubble is blown on a filter funnel. 
The bubble slowly collapses, driving air out of the open end. We con- 
clude that the pressure in a soap bubble exceeds atmospheric pressure. 
(Soap solution for films: 30 gm. of pure Casti}2 soap are shaken with 
1 litre of cold distilled water, and 200 с.с. of glycerine are added. The 
solution is allowed to stand for two days in a dark place; then the clear 
liquid is siphoned off. Three drops of strong ammonia are added. The 
solution should be stored in the dark. 


Some of the soapless cleaners Cdetergents’) are equally good for 
bubbles, and do not have to be specially made.) 


Viscosity. Suitable liquids for experiment B.7 are: water, molasses 
or treacle, glycerine, bicycle oils, motor oils. 


containing one of the liquids; (e) timing 
marks on a filter funnel attached to nar 


Diffusion in liquids. Experiment B.8(a) is complicated by the fact 
that both diffusion and solution are taking place. B.8(b) is more diffi- 
cult to perform but it does allow diffusion to be studied as a phenom- 
enon separate from solution. 
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Diffusion in gases. Air currents probably have more effect than 
diffusion in experiment B.9(a), but 9(6) is free from this defect. 
2 


Experiment — B.9—(a) We notice how quickly thé smell of an opened 
bottle of bench ammonium sulphide can be perceived at а distance of, 
say, six feet. (6) The customary experiment with a porous pot joined to 
a water manometer is used to show that hydrogen diffuses more quickly 


than air, and carbon dioxide less quickly. 

hould be avoided at this 
f osmosis and its simple 
any theories as to why 
ble membrane while 


Osmosis.—The term ‘osmotic pressure? s 
stage. Attention is confined to the process о 
molecular explanation, This need not involve 
solute molecules are stopped by the semi-permea 
solvent molecules pass through. 


Experiment — В.10—(а) One pupil holds a thistle funnel upright, with a 
finger closing the stem. A second pupil fills the funnel almost full with 


sugar solutior, and then binds some cellophane over the top of the 
funnel. The funnel is inverted and the bulb i$ immersed in water fora 
few hours. The solution rises in the tube. (5) The last experiment is 
repeated, but with water in the funnel and sugar solution outside. (c) 
The shell of an egg is dissolved away by immersing it in dilute hydro- 
chloric acid. The yolk and white, covered by the membrane, are placed 
in strong brine. Thé egg decreases in Size considerably. The process 
may be reversed by placing the egg in water: (d) A slice of yam, potato 
or similar vegetable is coated with sugar and placed under a cover to 


prevent evaporation. In 24 hours the sugar is found to be dissolved by 
e of hollowed out yam is supported 


the water out of the slice. (e) A piece о! 

in a beaker; water is poured into the beaker around the yam, and 
concentrated sugar or salt solution is poured into the yam fo the same 
level. In spite of a level difference being set up, the volume of the 


solution increases. 


B(7) sounD 


The frequency of the note emitted by an air colur 
end, is related to its length. The following are di à 
monics of the closed pipe, and of a stretched string; the tone-quality 
of a musical note and its dependence on harmonics; the explanation 
of the differing tone-qualities of orchestral instruments. 
Experiment — B.11— n of the velocity of sound by the 
resonance tube method. (Note.—If no special apparatus 1s available, a 
i but is not very suitable. 
duced by the air column in it is very 
weak and difficult to detect. А simple apparatus consists of two tubes 
tively, the narrower tube 


of ab . and 3 cm. diameter геѕрес ) y 
RT long. The wider tube 


bein, ‚ and the A 
lka ue О nd filled with water; the narrower one Is 


is corked at the lower end à 
placed in it and can be raised Or lowered.) 


mn, closed at one 
scussed: the har- 


A. determinatio: 
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B(8) COEFFICIENT OF LINEAR EXPANSION 
(Including numerical problems.) 


Volume expansion of solids, liquids'and gases should be mentioned; 

also the difference between real and apparent expansion of liquids, 

but for these no numerical work or qualitative experiments are 

necessary. i 

Experiment — B.12—A linear expansion coefficient is determined, using 
any suitable apparatus. 

B(9) THE RELATIONSHIP BETWEEN VOLUME AND PRESSURE OF A GAS 


(Boyle's law)—rHE RELATIONSHIP BETWEEN VOLUME AND TEM- 
PERATURE OF A GAS (Charles’s law) 


The historical approach jis perhaps the best. Boyle discovered the 
law that bears his name as a result of ex 


of air—he explained the working of the 
that air had ‘spring’ andit was this ‘spring’ 
say) that kept up the mercury column in th 
said that this was foolis 


Experiment — В.1 
111.) Simple J-tubes can be purchased 


t approached by a repetition and discussion of 
experiment 4.46. Obviously volume increases with temperature, but 


what is the relationship? Also, since volume depends on pressure, 
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Experiment — B.14—Many pieces of apparatus are available for showing 
Charles's law, but the cheapest and simplest is 20 cm. of capillary tube, 
heated to get rid of all traces of moisture and sealed in a flame at one 
end. A ‘pellet’ of mercury about 2 cm. long is introduced at the open 
end by heating and cooling. (The mercury used should previously have 
been dried by warming it.) The length of the air column can be found in 
ice (if available) and boiling water (a tall beaker is needed). By plotting 
a graph, or otherwise, it can be shown that, within experimental error, 
the results agree with Charles's law, that the volume increases by 1/273 
of the volume at 0° C. for every 1° C. rise of temperature. _ 

Alternatively, a mercury thermometer may be used, and it can then 
be shown that the volume of air increases uniformly with temperature 
(measured on the mercury scale—see note, page 51, ‘On teaching 


nothing that must be unlearnt’!). | | 
(Note.—Every precaution should be taken to keep water, including 


steam, out of the tube, e.g. by keepiñg it stoppered with a small piece of 
rubber tubing joined to a small glass rod: this ‘stopper’ need be re- 
moved only when readings are actually being taken. Unless the tubes are 
stored in a desiccator, fresh apparatus should be made every year. If 
the tubes are made for use on one оссаѕіой only, concentrated sul- 


phuric acid can be used instead of mercury.) 


Simple numerical examples on Boyle's and Charles's laws should 
be given; also ‘everyday’ examples, e.g.,a tyre bursting when it gets 


too hot, t А 
Simple kinetic-theory explanations should be given of: (a) the 
pressure of a gas, (b) Boyle’s law, (c) Charles's law (qualitative only). 


See also Section B(14). 


B(10) ABSOLUTE TEMPERATURE—THE GAS EQUATION 
A gas that obeys Charles's law would have zero volume at — 213° Ga 
hence — 273? C. is ‘absolute zero’. An absolute scale of temperature 
has 0? for the temperature of zero volume. If it is a centigrade absolute 
scale, there must be 100° between the temperatures of melting ‘ice and 
boiling water. Hence these temperatures are 273° А апа 373? A. 
Charles's law may now be re-stated: the volume of a given mass of 
à gas varies directly as its absolute temperature, provided the pressure 


is constant; i.e .Y __ constant. Combining this with Boyle's law, 
Dien 


sep atl DV 
PY — constant, we see that both are contained in А = constant. 


Numerical problems involving all three variables may now be set. 
ру 
= = Con- 


The third law t — constant may now be deduced from T 
stant, and verified experimentally; alternatively this may be left to a 


later stage. 
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B(11) CALORIMETRY 


This is now taken to a stage beyond that of Sections A(16, 17), and 
includes water equivalent and the meanings, and some discussion of 
the calorific values of fuels and foodstuffs. 


Experiments — B.15—The determination of the specific heat of a solid. f 
B.16—The determination of the specific heat of a liquid. Both experi- 
ments should be done as accurately as possible by the usual ‘heat 


gained = heat lost’ metliod, corrections being made for the water 
equivalent of the calorimeter. 


Spring balances may be used for the weighings: since the tempera- 
ture changes are not normally determined to more than two signifi- 


cant figures, there is no point in weighing to more than the nearest 
gram. y 


Experiments — B.17—Thg latent heat of fusion of i 
adding ice to water warmed to a little above room temperature. Cor- 
rections should be made for (i) the water equivalent of the calorimeter, 
(ii) warming of the ‘ice-water’ from 0° C. to the final temperature. 

B.18—The latent heat of condensation of steam is determined by the usual 
method of passing steam into cold water in a calorimeter. The steam 
may come from a can, used as shown in Figure 7, page 112, orfrom a 
can or round-bottomed flask used in the upright position with a steam- 
trap (Figure 6). A beam balance with fractional weights must be used 
to find the weight of condensed steam to a sufficient degree of accuracy. 

B.19—To find the water equivalent of a vacuum (‘thermos’) flask, about 
20 c.c. of tap-water are measured, poured in and shaken round, and 
the temperature is taken. Then about 150 с.с. of water, warmed about 
25° С. above room temperature, are poured in, and the flask is corked 
and shaken. The temperatures of this water immediately before pouring 
in, and the final temperature in the flask are taken. The volume of water 
added is then found by pouring the contents of the flask into a measur- 
ing cylinder and subtracting the original quantity. The water equivalent 
may then be calculated from ‘heat gained = heat lost’. 

B.20—An alternative, simpler method of find. 
is to pass steam from an inverted can 
flask, half filled with cold water. A thermo: 
take the temperature of the water. At thi 
empty, then half full of water. Steam is passed unti 


се 15 determined by 


B(12) THE INFLUENCE OF DISSOLVED SUBSTANCES ON MELTING AND 
BOILING POINTS—FREEZING MIXTURES 


This is a small addition to Sections А(18, 19). 
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B(13) SATURATED AND UNSATURATED VAPOURS—VAPOUR PRESSURE 


— THE RELATIONSHIP OF SATURATED VAPOUR PRESSURE TO BOIL- 


ING POINT 2 


Explanation and definitions of saturated (or maximum) vapour pres- 
sure, and of saturated and unsaturated vapours, should now be 


given. 


Experiments — B.21—The saturated vapour pressure of water is deter- 
B mined by the barometer-tube method. ° 

.22—The experiment with a small quantity of water enclosed by mercury 
in a J-tube is useful for showing that, at the boiling point, saturation 


vapour pressure equais external pressure. 


B(14) SIMPLE QUALITATIVE TREATMENT OF KINETIC THEORY 


In addition to the use of the theory to explain the pressure of a gas, 
and Boyle’s and Charles’s laws, it should be applied to change of 
State phenomena: solidification and melting; evaporation and 
condensation; saturated vapour pressure; latent heat; cooling by 


evaporation. 

В(15) HEAT AND WORK 3 
form of energy has already been learnt 
cal re-introduction may be con- 
s two theories of heat as (ї) а 
mor or vibration among their 
Count Rumford and the 


Something about heat as à 
(Section A(21) ). Atthis stage a histori 
sidered suitable: Joseph Black and hi 
subtile and active matter’, or (ii) a ‘tre 
particles’; Lavoisier and the caloric theory; 
experiments that led him to believe that heat is motion; James Watt 
and the measurement of work and power (of steam-engines); Joule 
and the equivalence of heat and work; the definition of mechanical 
equivalent and its accurate determination. 

apparatus is available, a 


determination of ‘J’ may be performed. Too much time should not be 
spent on this: either the class should be given Joule's method, as part 
of the historical survey mentioned above, or à simple, even if not very 
accurate, laboratory method may be substituted. 


Finally we are led to the kinet 
as random molecular motion. 


Experiment — B.23—f a simple (mechanical) 


ic theory of the nature of heat: heat 


B(16) LAWS OF REFRACTION—REFRACTIVE INDEX 

Experiments — B.24—The laws of refraction are shown, and the refrac- 
tive index of glass is determined, by tracing rays through a parallel- 
Sided glass block. A ray-box ог pins may be used. 
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.— The refractive index of water may be found by means of two pins, 
un and B, stuck into a flat piece of wood placed vertically (Figure 64). 


FIGURE 64.—The determination of the refractive index of water. (Experiment 
B.25) 


The line XY, previously ruled on the wood, lies along the water surface. 
MN is normal to XY. Pins D and E are placed so that, seen by an eye 


looking along ED, ABDE appears to be one straight line. The wood is 
removed and the necessary angles measured. 


B(17) LENSES 
Graphical constructions and formulae connecti 


UT s : ng the positions and 
relative sizes of object and image for the converging lens must now 
be included. 


Experiments — 


л B.26—Pupils use light-boxes, convex lenses and screens 
to obtain a ti 


able of corresponding values of the object distance, и, and 
the image distance, v. i and 1 are then tabulated, also 1 


2+ l which is 
u y 


constant, within experimental error, for all pairs of readings (see page 
89). 
1 
Therefore, i Eu Я = constant. 
But, when и is very large, у = f, so that 
1 \ ЖИ! 
ыш; 


В.27—Тһе apparatus is the same as for the last experiment. Corres onding 
values of и, v, О (height of object) and J (height of image) are таре, 
and hence it is shown that 

u 
[2] 


y 
7 


The graphical constructions previously. learnt Should be revised 
and applied to the solution of numerical problems. The relation 
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1 ; 
= = : may easily be shown geometrically, but the theoretical proof 


y 

The two equations may n 
A virtual image, or image ont 
a negative sign for v; no other sign С 
B.28—Focal length is determined by the mirror method. 
is obtained by the side of the object (light-box slit) 
d through the lens, been reflected 
ack through the lens. The focal 
the lens and the object. 


1 
of Él 1 =; should be left till à later stage. —, 


ow be used to solve numerical problems. 
he same side of the lens as the object, gives 
onvention is needed at this stage. 


Experiment — 
A sharp image 
itself, formed by light which has passe 
by a plane mirror, and has passed b: 
length, f, equals the distance between 


B(18) TELESCOPE AND MICROSCOPE” 


The astronomical refracting telescope and the compound microscope 
(including the tracing of rays of light from a distant object to the 
observer’s eye, showing the nature and positions of the images 


formed) may now be studied. 

As a preliminary, pupils should revise the use of a convex lens to 
produce: (i) a real inverted image of a distant object; (ii) a Teal 
inverted magnified image of a close obiect; (iii) a virtual magnified 
image of a close object (‘magnifying glass’). By putting together (i) 
and (iii) we get a telescope, and by putting together (ii) and (iii) we 
get a compound microscope. 
Experiments — B.29—To show the principle of a telescope, two lenses, 

one of focal length about 10 cm., and the other 20-30 cm., are chosen, 

and their focal lengths are determined approximately. The lenses are 


mounted, by means of soft wax or plasticine, on а half-metre scale or 
other suitable stick at a distance apart equal to the sum of their focal 


lengths. ч 
B.30—To show the principle of a compound microscope, two convex 
lenses of about 10 cm. focal length are mounted at opposite ends of a 
12” ruler. This arrangement illustrates the principle of the instrument 
and gives good images; but if an attempt Is made to obtain a шп 
higher magnification by using lenses of shorter focal length, the result В 
disappointing because of spherical aberration and other defects. I 
possible, a students’ microscope, of the type normally used in a bio- 
logical laboratory, should be borrowed, and pupils should study it, and 


the method of using it. 


D LINE EMISSION SPECTRA—SIMPLE ABSORPTION 


B(19) CONTINUOUS AN 
SPECTRA 

Line spectra should, if possible, be demonstrated with à spectro- 

meter: sodium in a bunsen flame, hydrogen and mercury in discharge 

lamps, a neon glow lamp. But, if the lamps and the spectrometer are 


TPU 
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not available, the sodium spectrum from a bunsen flame (nto which 
salt is dropped) can still be demonstrated by means of a simple prism 
and lens, as in experiment A.7/(a).. 

Absorption spectra of coloured filters have a 
experiment 4.72. Coloured solutions in a flat- 
also be used. 


Iready been shown in 
sided glass tank may 


B(20) SIMPLE CHARACTERISTICS OF INFRA 


“RED, VISIBLE AND NEAR 
ULTRA-VIOLET RADIATIONS 


carry energy and produce heat w 
the heading ‘Radiation’ (Section 


Most teachers introduce some discussion of the whole electro- 
magnetic spectrum from radio 


waves to y-rays and nuclear dis- 
integration rays, 


B(21) SIMPLE PHENOMENA CF MAGNETISM 


The items in Section A(31) should be revised, Angle of dip should 
now be included. 


B(22) MAGNETIC PROPERTIES OF IRON AND STEEL 
Repetition of experiment 4.83, page 260. 


B(23) MAGNETIC EFFECT OF AN ELECTRIC CURRENT 
Revision of previous work on 


current-carrying conductors, a 
ammeters. 


the magnetic fields associated with 
nd on moving-coil and moving-iron 


B(24) units: COULOMB, AMPERE; JOULE 
Potential difference and electrom 
watt-hour, should also be revised. 


The work should include the relationshi 
calculations on the cost of. 


» WATT, KILOWATT 
otive force, the volt, and the kilo- 


ps between these units, and 
electrical energy. 


B(25) oHw'S LAW AND RESISTANCE—THE OHM—RESISTIVITY—THE 
INTERNAL RESISTANCE OF CELLS 


This includes the equation: 


pee 


a 


| 
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where R = resistance of a length / of wire of area of cross-section a, 
and S = resistivity. 
; 100 cm. of one of 


Experiment — B.31—Apparatus: a cell; an ammeter 
the thinner gauges of resistance wire, such as eureka', S.W.G. 30; 
50 cm. from the same reel; 100 cm. of a different gauge of ‘eureka’; 
100 cm. of gauge-30 copper. This apparatus may be used to show: 
(i) that the longer wire, of the same gauge and material, allows less 

* current to pass; (ii) that the thinner wire, of thesame length and material, 
allows less current to pass; (iii) that the current, for the same length and 


gauge, depends on the material. 


B(26) AMMETER SHUNTS, VOLTMETERS 


The laboratory should contain at least one multi-range instrument 
with external shunts and series resistances. The class may calculate 


the values of resistance required. 


B(27) ELECTRICAL MEASUREMENTS 

used for comparison of potential differences. 
The principle of the potentiometer should be explained, also its 
advantages compared with a voltmeter.— What are the advantages of 


a voltmeter compared with a potentiometer? 


Experiment — B.32—Comparison of electromotive forces of two cells is 
made by means of the potentiometer, e.g. a Daniell cell and a dry or 


wet Leclanché-type cell. 
Resistance measurements. (a) by voltmeter and ammeter: 
is joined in series with an 


Experiment — В.33—А cell or accumulator i а 
ammeter (say, 1:5 amp. maximum reading) and with an unknown resis- 
tance coil or piece of wire of resistance between 1-5 and 10 ohms 


The potentiometer is 


FIGURE 65.—To find a resistance by means of voltmeter and ammeter. 
(Experiment 2.33) 


(Figure 65). The voltmeter (2:5 volts maximum reading) is joined 
across the resistor. 1 
voltmeter reading 


istance = ——— ret 
Unknown resistance = ~ mmeter reading 
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(b) by a metre wire bridge: 


i — B.34—A metre or 4-metre wire bridge is used to compare 
dp d euim of an unknown and a known resistor, and hence to 
determine the resistance of the unknown one. — 

B.35— The resistance of a length of resistance wire is found by the same 
method; then the length of the wire (between the terminals) is measured 
by a metre ruler, and the cross-section by means of a micrometer screw 
gauge. The resistivity of the material of the wire is determined. 


B(28) THE HEATING EFFECT OF AN ELECTRIC CURRENT 


Section A(36) is first revised. Then, we come to the heating effect 


2 
equations: (i) Н = E (ii) H = T 


Equation (i) is derived from the definition of the volt as Joule 


coulomb’ 
Equation (її) is derived from equation (i) and Ohm’s law. The third 
2 
equation, H = a may be similarly obtained. The meanings of these 
equations should be discussed, 


Experiments — B.36—To show that the heat developed in a given con- 
ductor varies as th a i ici 
able, a small immersion h 
circuit of Figure 66. The са 


FIGURE 66.—An apparatus for confirming the electrical heati 
equations. (Experiments B.36 and 37) SUMAR 


a can of larger size if available) or a beaker. A large measuring cylinder 
is used to measure the water into the calorimeter. The rheostat is a 
mains type capable of reducing the current to about three-quarters of 
its full value. The ammeter must, of Course, be an alternating-current 
(A.C.) type if the mains supply is alternating. Readings of the tempera- 
ture rise in one minute are taken with (i) 4 to З of the full current, 
(ii) the full current; and we find, 

first temperature rise 


second temperature rise 


= ( first current y 
second current 
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B.37—To determine the mechanical equivalent of heat by an electrical 
method. The apparatus is that of Figure 66, except that the rheostat 


is removed, and a voltmeter (A.C, type for A.C. mains!) is joined across 
the heater. The water equivalent of the calorimeter,should be calculated 
or determined, and added to the mass of the water. 


Ifa low-voltage accumulator supply is used to heat water in a small 
calorimeter, results will inevitably be less accurate because of the 
relatively much greater loss of heat to the surroundings. If no mains 
current is available, a small heating coil carrying current from 
accumulators should be used to warm water in a vacuum flask, and 
experiments similar to, B.36 and B.37 may then be satisfactorily 
performed. | 

The wiring of buildings, 
be revised. 


and the use of switches and fuses, should 


B(29) THE CHEMICAL EFFECT OF AN ELECTRIC CURRENT 


The elementary phenomena already dealt With should be revised. 
Faraday's laws of electrolysis should be obtained experimentally. 
Pupils should perform at least one of the following experiments. 
Experiment B.40 is probably the best if shortage of time allows only 


one choice. 
^s 


Experiments — B.38—Faraday's first law: to show that the mass of copper 
(a) the current, (b) the time. The circuit 15 


deposited is proportional to 
ains a copper voltameter made from strips 


shown in Figure 67: it cont 


cathode anode 


FIGURE 67.—To confirm Faraday’s first law and find the electro-chemical 
equivalent of copper- (Experiments B.38 and 40) 


of copper (2” х 4’), immersed in copper-sulphate solution (as nearly 
saturated as possible) in а beaker. Both plates are cleaned before being 
immersed. Before weighing the cathode it should be rinsed in water, 

ied by being held well above а non- 
g waved about in hot sunshine). The masses 
(i) one ampere, (ii) 0-5 ampere are 
wes twice the mass. Then the same 
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B.39—Faraday's second law: to show that the masses deposited are pro- 
portional to the chemical equivalents. In addition to the apparatus 
shown in Figure 67, a water voltameter is required; this is joined in 
series with the copper voltameter. The mass of Copper deposited, and 
the volume of hydrogen liberated, by the same current in the same time, 


are determined. The mass of hydrogen is calculated from the volume. 
It should be found that approximately: 


mass of copper chemical equivalent of copper 31:5 
mass of hydrogen ^ chemical equivalent of hydrogen 1 
Platinum electrodes for the water voltameter are not essential; carbon 
is satisfactory, or even copper, provided we do not propose to collect 
oxygen. The fragile Hoffman voltameter is also unnecessary: the plates 
or rods may be attached to copper wires and the whole of the electrodes, 
except at the exposed ends, protected from acid by shellac varnish. 
Hydrogen may be collected in a test-tube, or *boiling-tube', filled with 
dilute acid and inverted over the cathode. The volume obtained may be 
determined subsequently by filling the tube to the same mark with water, 
and emptying into a measuring cylinder. (An inverted burette may be 
used instead.) 
The ammeter is not, of Course, required for this experiment, but it is 
useful as an indicator of the current flowing. 
B.40—The electro-chemicalequivalent of copper is determined by means of 
the apparatus shown in Figure 67 and described under experiment В.38. 


Numerical problems involving electrolysis sliould be given. 
Previous work on sim 


ple, Leclanché and dry cells, and accumula- 
tors should be revised. 


B(30) ELECTROMAGNETIC INDUCTION—THE LAWS OF INDUCTION 
Experiment — B.41—The laws of induction are demonstrated with the 
apparatus of experiment 4.93. The direction of the induced current 
(the fact that it opposes the change that produces it) should be 
demonstrated. 
The laws should also be demonstrated b 


1 y І y using primary and secondary 
coils, as in experiment 4.94. The effect of an iron core should be shown. 


B(31) A SIMPLE А.С. GENERATOR 


Alternating current produced in a fixed coil by a rotating magnet may 
be demonstrated as in experiment 4.93. Ifa sensitive, low-resistance 
lamp-and-scale galvanometer is available, the following experiment 
is instructive: 


ersed. This illustrates 
the first two fingers and thumb 
ngles to each other, If the first 
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finger represents the direction of the field, and the thumb represents the 
ts the direction of the 


direction of motion, the second finger тергезеп! 
2 

f current in a single coil rotating in a magnetic field 

can be deduced from the above experiment, and demonstrated by means 

of a galvanometer joined to a simple alternator. 


B(32) A SIMPLE D.C. GENERATOR 
A simple A.C. generator is modified by the use of a commutator. 
The direct current, (D.C.) produced should be compared with that 


obtained from batteries. 
3 » 


B(33) ALTERNATING CURRENT (А.с.)—ТНЕ А.С. TRANSFORMER—THE 
GRID SYSTEM—THE INDUCTION’ COIL (revised) 

nsidered, including the meanings of 

mean square’ (R.M.S.) values. The 

asure А.С. is included. 


Only ‘sine wave’ A.C. need be co 
‹ Д 
peak’, ‘instantaneous’ and ‘root 


use of a moving-iron ammeter to me 
The principle of the transformer is obtained by recalling the 


primary and secondary coils demonstrations of experiment В.41. 
The class is asked what would happen if A.C. is supplied to the 
primary. A small transformer, preferably of the experimental kind 
that can be taken to pieces, is then used to light a torch bulb from 
А.С. mains. Other experiments, @.8. the melting of an iron nail, may 
also be demonstrated if a suitable set of apparatus * is available. 
Electric power can be conveyed over à long distance much more 
efficiently and cheaply if the voltage is high (this can be illus- 
trated by a simple numerical example): hence the use of A.C. and 


transformers. 

The induction coil may be regarded as а high-ratio step-up trans- 
former producing à high voltage from the interrupted current in the 
primary. The primary make-and-break mechanism is the same as that 


of the electric bell. 


B(34) A SIMPLE D.C. MOTOR 
The work in Section A(35) should be revised. The simple D.C. motor 
may be regarded as à simple D.C. generator worked in reverse; 1n fact 
the same instrument may be used for both demonstrations. 
B.43—This is the reverse of experiment B.42. A. piece of 
flexible wire is joined to an accumulator, through a switch. The wire 1s 
rful bar-magnet placed end-upwards on 


laid on the N-pole of a powe с м c 
the bench. When the current is momentarily switched on, the wire 


consisting of detachable parts, 


Experiment — 


* Suitable transformer sets, are now obtainable 
from most suppliers of apparatus. 
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jumps off the ma; 
left-hand rule’. 


B(35) TELEPHONE 


SYLLABUSES 


gnet, and its direction is in accordance with ‘Fleming’s 


* 


TRANSMITTER AND RECEIVER 


Their connexions in a simple circuit are considered. 


The working of a carbon microphone, 
phragm receiver, should be explained and, 


and a simple moving-dia- 
if possible, demonstrated. 


e 


е 


SYLLABUS 'C' 


Physics at the Pre-University Level * 
(Material Additional to Syllabuses ‘A’ and ‘B’) 


MECHANICS 
C(1) Dynamics of a perticle moving in a straight line—Newton's laws 
* of motion—Vector and scalar quantities— Composition and resolu- 
tion in one plane of velocities, saccelerations, moments and forces 
—COEFFICIENT OF RESTITUTIQN—Equilibrium of a rigid body 
under coplanar forces—Centre of gravity—Stable and unstable 
equilibrium, treated mathematically, including the effect of the 
position of the C. of G. of a balance beam on the stability of a 
balance—Static and kinetic friction—Pressure and thrust in fluids 


at rest. 


n and extension*of work started in syllabuses 
tirely in the hands of 


cient of restitution; 


This includes revisio 
‘A? and ‘B’. Possibly this section may be left en 
the mathematics staff. The only exception is coeffi 
this should be determined either by: 


Experiments — C.1—The ballistic balance, or 

C.2—The dropping of a small ball-bearing on to a glass plate, earthenware 
tile, wooden board or any other smooth horizontal surface, and finding 
the height (mean of several observations) to which it. rebounds. All 
distances are measured from the plate to the lowest point of the ball- 
bearing. The ball may be best released from an electromagnet, but 


this is not essential. If A v, are respectively the height from which the 
ball falls, and its velocity on hitting the plate, ha, уз respectively the 
height to which it rebounds and the velocity (upwards) on rebounding, 
then v, = — еу, and 

vı = V2gh, (down) 

ve = — V2ghe (up) 


L ha 
Hence, ee Se [ч 
n hy 


C(2) UNIFORM MOTION IN A CIRCLE 
After uniform motion in a straight line, the next simplest is uniform 
of the nature of these syllabuses, including the meaning of 


* For an explanation 
the square brackets, [ ], see page 15; 
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motion in a circle. (By ‘simplest’ the scientist here means ‘most 
amenable to mathematical treatment") 


Suggested approach — Everyday knowledge; examples of circular 
motion are tabulated: a stone on a string performing circles in a 
vertical plane; a stone on a string circling horizontally (conical 
pendulum); a bicyclist rounding a corner; a motor-car on an un- 
banked road and on a banked racing track; an object placed on a 
gramophone turn-table; the orbits of the Moon round the Earth and 
the Earth round the Sun. In all cases there is a centripetal accelera- 
tion, and this leads us to infer (Newtoa's first law) a centripetal force. 
—How is this force exerted in the cases listed above? What happens 
if the string breaks, if the road is stippery, if the track is insufficiently 
banked? Having made sure that the Physics is properly understood 
(qualitatively), we turn to a quantitative investigation by mathe- 
matics.—Problem: to find an expression for centripetal acceleration 
in terms of the speed of the particle and the radius of the circle it 
describes. The following seems to be the most straightforward deriva- 
tion of the formulae rw? (no calculus is required): 
Let о = angular velocity; then the particle describing the circle, 
of radius г, has linear velocity го. Its natural path (i.e. 
when not acted upon by forces) is АВ (Figure 68), but a 
centripetal force causes it to move along AC; it has 
travelled a distance BC nearer to the centre O. 


== 


A B 
FIGURE 68.—To consider the centripetal acceleration : Ыб 
а circular path of a particle describing 


Leta — centripetal acceleration; obviously this is constantly 
changing its direction as the particle moves round the 
circle. We wish to consider a to be momentarily constant 
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in direction, along 40; therefore 4B and AC and BC 
must be considered very small (‘infinitesimal’) compared 
with r. o 
s = ut + 3а, 
2 
BC = 0 + Jat, or a = a 


where t = the time the particle would have taken to move from A to 


B if no centripetal force had been acting: 


Now t = AB „а 0? 2ВС 

$ ro АВ? 

By Pythagoras, ов? = 04? + АВ? 
ог (r + BC)* Lg АВ? 


с. 2rBC = AB*, ог 2ВС = 
АВ? 


(BC? is neglected in comparison with 2rBC) 
<. a = го, directed along 40. 


some differential calculus, the more 


usual proof by differentiating го sin 0 and го cos 0 may be given. 
Even so, the above direct proof may be given first, although the 
calculus proof is the one pupils will ultimately commit to memory. 
Pupils should solve a selection of problems on circular motion. 

An experimental verification of the formula may be improvised. 
Pupils should be asked to suggest and discuss а possible form of 
apparatus, even if the experiment is not actually done. 


If, however, the pupils know 


MOTION, including its application to the SIMPLE 
PENDULUM; and the vibration of а mass at the end of а spring— 
[Other examples of simple harmonic motion] 

After motion in a straight line and in a circle, the next simplest form 

is ‘periodic’ or to-and-fro motion. The class can suggest examples; 

some suitable ones may be put ready on the demonstration bench: 

e.g. masses on springs ОГ lengths of india-rubber, a pendulum, a ball 

on a concave surface, floating objects. We consider: in all cases there 

is an acceleration towards a fixed point (the rest position); obviously 
the restoring acceleration is zero at the rest position. The relation 


between acceleration and distance may be anything, but it is simplest 
to take, è 


C(3) SIMPLE HARMONIC 


acceleration oc (— displacement), or X cc — x 


294 SYLLABUSES 


(Why minus?) Hence we reach a definition of simple harmonic 
motion. (Why simple?—Why harmonic?) We have, 


X = — (constant) x x or 5 — w?x 
ie. X + w?x = 0 
where w? = — Soon, = — (acceleration at unit displacement). 
displacement 


Before proceeding to a mathematical investigation, let us consider 
the Physics in greater detail. A restoring acceleration X requires a 


restoring force F given by F = mx, m being the mass of the particle. 
Obviously the greater the ri 


estoring force per unit displacement the 
faster the motion. But a restoring “force alóne does not give an 
oscillatory motion; what else is neede 


d?—Inertia, the mass of the 
particle. Obviously the greater the inass the slower the oscillation, and 
the greater the periodic time. $ 


We now proceed to a mathematical derivation of formulae for 
the displacement and velocity at any instant. If the pupils are 
familiar with integral calculus, this is done by direct integration of 
X + оёх = 0. If they know only differential calculus, they must be 
given the solution x — a sin (wt + 6), and then they can show by 
differentiation that this is the solution of the equation € + о?х = 0). 
If they know no calculus. at all, the teacher must fall back on the 
inadequate and puzzling ‘circle method'—or omit the proof alto- 


gether! In any case, we go on to show that the particle has the same 


displacement and velocity at intervals given by T — = . The formula, 


3 ma?w?, for the energy of a simple harmonic motion should also be 
derived. х 


The helical spring. The formula is derived mathematically (assum- 
ing Hooke's law), and tested experimentally 


Experiment — C.3—(a) Statical. Load-extension readings are taken and a 
graph plotted; from this the forc 


Jorce per unit displacement is found. 
Hence we can calculate the periodic time qu 


T- 2x — 2а mass attached to spring 
m restoring force per unit displacement 
for a suitable mass. (6) Dynamical. Theperiodictimeis foundexperiment- 
ally and checked against the calculated value.—Why is the agreement 
not perfect? (One Teason is the effect of the mass of the spring: 
т + jm, may be tried in the equation for the calculated value of 7,) 


The simple pendulum. Mathematical 


investigation gives the 
1 
formula: T = 2л 


8 
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Experiment — C.4—(a) To show that T is independent-of the mass of the 
bob. (Why is this? T for a spring depends on the mass, why not for a 
pendulum?) (b) To verify T c wT. (c) An accurate determination of g, 
using all possible precautions to obtain a correct result. The accuracy 
of this determination, compared with a free-fall method, or any other 
method already used, should be discussed. ‚ 


Y TREATMENT OF THE ROTATION OF A RIGID BODY 
F INERTIAcand its experimental deter- 
vheel and the method of torsional 


C(4) [ELEMENTAR 
ABOUT AN AXIS—MOMENT O! 
mination, including the fly 
oscillations] " Б 


[Examples of couples producing angular acceleration are considered: 
spinning a wheel (e.g. the wheel of a bicycle turned upside down); 
opening a door; a piston and crankshaft accelerating a flywheel; a 
suspended magnet placed at right angles to а magnetic field and then 
released; a heavy bar suspended on а torsion wire. Obviously the 
bigger the couple the bigger the angular acceleration, just as 
the bigger the force the bigger the linear acceleration. The ratio 
Tinea forco —— is the mass; the ratio Ew T is the 
r acceleration „ „ angular acceleration 

moment of inertia, i.e. L = IU (compare F= ma). I depends on the 
mass, and also on the distribution of mass (we consider flywheels of 
equal mass, one with mass concentrated round the rim, and the other 


near the axle). Mo 
Having defined Z, we now prove that 7 = Хт. This is much 


more reasonable than the reverse process, which is the usual method 
(see Chapter VI). The proof of 1%, for the kinetic energy ofa 
rotating body, follows. Pupils with an adequate mathematical back- 
ground go on to: theorems of parallel and perpendicular axes; cal- 
culations of J for regularly shaped bodies; the use of the equations 
L=T6 and К.Е. = Ио? in solving problems; conservation of 


angular momentum; angular S.H.M., including torsional oscillations, 
oscillating magnet, ball on concave surface, compound pendulum and 


Kater pendulum. Questions on these subjects, however, are not 
normally found in pre-university Physics examination papers.] 


[Experiments — C.5—The determination of the mo 


flywheel by a *falling-weight method. a d : 
of inertia. A simple 


[C.6—A torsion wire method of finding moment of | 
hin steel ‘piano-wire’ (about 50 cm. 


form of apparatus consists of at : 

long) soldered or screwed to a rod held in a retort-stand boss. An 
ordinary ‘bull-dog’ paper clip is screwed to the other end. Let J, = mo- 
ment of inertia of the bull-dog clip, I, = moment of inertia of a thin 
rod about 30-40 cm. long, I, = moment of inertia of some other object, 


ment of inertia of a 
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e.g. a metal disk that can be held in the clip. Jọ and J, are unknown; 
L= ч Then, using the equation fpr torsional oscillation, 
1 5 


T= => іп the form T? = КІ, K being a constant, we have: 
ш 


Tj = Kh, T} = К(1, + h), T$ = KU, + 1) 
7 Kh = T} — T}; KI,= T} — T2 
By calculating /,, determining Ту, Ti, Т», and using these two equations, 
the unknown moment of ійегііа J, may be found. If the second body is 
also of regular shape, the experimental value of J, may be checked 
against a calculated value.] 


[C.7—A determination of ‘g’ by means of a ball (e.g. a ball-bearing) 
rolling down an inclined plane: 


acceleration, à — $gsin «.] 
[C.8—A determination of ‘g’ 


by means of a ball on a concave surface. 
(A ball-bearing on a watch glass is suitable.) 


r-z fE 


5r 


‘g’ by means of a c 
es at intervals along 
'g' by means of a Kat 

[Finally the advantages of the Kater pendulum compared" with a 
simple pendulum should be discussed.] 


[C.9—A determination of 
sisting of a bar with hol 


ompound pendulum con- 
[C.10—A determination of 


its length.] 
er nendulum, if available.] 


С(5) SIMPLE PHENOMENA OF ELASTICITY— Hooke's law; Young's 
modulus and its determination; elastic limit; yield point; work 
done in stretching 


Experiment — C.1I—A determination of Young's modulus for а steel 


wire by means of the usual 2- or 3-wire vernier а; aratus.* Several 
readings of extension should be take; a 


n, and the readings whe: i 
the wire should be checked against th, gs when unloading 


be plotted. 
{тене material, e.g. Copper, may 
А і taken as the copper wire į 1 d 
to breaking (mind the toes!), iy уа 


C(6) SIMPLE PHENOMENA OF VISCOSITY and determination of the 
coefficient for liquids [turbulence and stream-line flow, including 
critical velocity] 


Possible introduction — 


Everyday observation of the results of Stirring 
a jar of water, and 


a jar of molasses, honey, thick engine (or 


* Or by the improved form due to G. Е, С, Searle, 
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ne. Qualitative observation of the 
‘thicker’ liquids, through a tube. 
d the definition of the coefficient 


vegetable, e.g. palm) oil or glyceri 
flow of water, and of one of the 
Hence the meaning of *viscous" an 
of viscosity. 


e coefficient for water, using 
at each end, or (5) the 
t shown in Figure 69. 


Experiment — С.12—А determination of th: 
either (a) a horizontal tube with pressure gauges 
simple filter funnel and vertical tube arrangemen 


FIGURE 69.—The determination of a coefficient of viscosity by a vertical 
tube method. (Experiment С.12) 


i i to 
The apparatus for (a) is complicated to make and set up, but easy 
inderstand; that for (b) is easy to set up, but the correct height to Dus 
in the formula is not obvious; actually the required pressure, p is gph, 
h being as shown in Figure 69. The coefficient 7] 15 calculated from 
рл: the symbols having the usual meanings. 


Poiseuille's equation, Ф = "gr; ї 
The radius, a, is determined by weighing a thread of mercury whose 
average length, at different positions 1n the tube, has been measured. 
A piece of paper is stuck on to the funnel near the top, and the water 
is kept at this point by dripping in drops as, fast as they fall from the 

other end. Alternatively а constant-head device may be used. The tube 

may be a wide capillary, 30-40 cm. long and about | mm. in diameter. 

The proof of Poiseuille's equation is not required at this stage. 
[Discussion of critical velocity, stream-line flow, etc., should not be 
confined to liquids in tubes; motion in the atmosphere should also 


be considered.] 
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C(T) SIMPLE PHENOMENA OF SURFACE TENSION; excess pressure in drops 
and bubbles; determination of surface tension by simple methods 


The qualitative part of this work, Section B(6), should be revised. 
Surface tension is defined, e.g. by considering the forces acting on 
one movable side of a framework in a liquid surface.—Angle of con- 
tact, and its determination by some simple method, e.g. by inclining 


a glass plate in a liquid surface until the liquid meets the plate 
horizontally without a meniscus. 


Experiments — C.13—A direct determination of the surface tension of 
water by immersing а glass plate or wire framework in water and finding 
the extra force required just to make it break away from the surface. 
This may be done, with patience, by means of an ordinary balance; a 
torsion balance is much easier tc use,* or nowadays a suitable spring 
balance can be made from a fine Pyrex glass spring (see Figure 70).T 


FIGURE 70.—An apparatus for the di 


Water is siphoned out of the beaker till the wi 

À k e wir 
surface; the beaker is then refilled and the acne ra tom E^ 
obtain a more exact result. The weight required to ext Кере P 
to the same position without the €nd the spring 


5 water i 
C.14—Surface tension determination bs run found. Then mg = 2ТІ. 
tube. Either, a suitabl 


i rise of liquid in a ill 
А абе сарШагу та і i pulling 
oüt a piece of ordinary glass fling: [1^ es o db dnd. libe of 


а piece of capillary tube of 
* A method due to G. F, C, Searle. 


f Suitable springs are obtainable f; i 
Avenue, North Wembley, Middlesex, England Cameron, 66 Rugby 


| 
| 
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about 4 mm. bore may be used. To find the radius, the tube is broken 
water meniscus, and two readings at right 


at the point reached by the v 
angles are taken by means of а travelling microscope. (Why not use 


the mercury thread method?) 
The need for scrupulous clea 
face tension experiments must 


are fatal to good results. Glass 
acid, water, caustic soda, water, alcohol, water, 


nliness in all apparatus used for sur- 
be emphasized. Any traces of grease 
apparatus should be washed in nitric 
in that order. 


° 
C(8) SIMPLE PHENOMENA OF OSMOSIS AND DIFFUSION— Determination 


of osmotic pressure; Van't Hoff’s law 


. © є 2 v А A 
Qualitative experiments are suggested in Section B(6). Students 
should be given one good method of determining osmotic pressure, 


e.g. that of Berkeley and Hartley, or Morse. 


[C(9) METHOD OF DIMENSIONS] 


[The method should be applied to such problems as the time of swing 
of a simple pendulum, the rate of flow of a viscous liquid through a 


tube and the oscillations of a liquid drop.] 


m 


HEAT 


С(10) The mercury thermometei 


PERATURE—Thermometry, inc 
scale and its connexion with other scales of temperature] 


The work to be done at this initial stage of the pre-university course 
in Heat depends upon how much the pupils have already covered. 
The construction of the mercury thermometer (a) and the marking 
or verification of the fixed points is revised, and this leads naturally 
to a more general discussion of the meaning of a ‘scale of tempera- 
ture’, in which the arbitrary nature of the scale (depending on the 
properties of some particular substance, e.g. mercury) is emphasized. 
The other three thermometers to be considered are: (b) constant 
volume 'and constant pressure gas thermometers; (c) thermo-electric 
thermometers; (d) electrical resistance thermometers (full details of 


the electrical circuit of the platinum resistance thermometer are not 


required). j i 
Details of these may have to wait until pupils have covered the 


relevant work. 
Experiment — C.15—An exercise t 
thermometer to determine tempera! 
mometer is made from about’I4 те 
wire (gauge 40), which is wound into a 
T.P.—X 


›—ТНЕ MEANING OF A SCALE OF TEM- 
luding electrical methods. [T] he gas 


o illustrate the use of a resistance 
ture on the resistance scale. The ther- 
tres of double silk covered copper 
tight coil small enough to go 
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insi ordinary test-tube. The ends are soldered to gauge-18 copper 
e ich E through a cork at the top of the tube, to terminals. 
By means of an ordinary -metre bridge, the resistance of the copper is 
found with the tube immersed in melting ice, and in boiling water. At 
least 15 minutes must be allowed for the coil to attain the correct 
temperature. The coil should rest on the bottom of the test-tube; only 
the top of the tube should be outside the ice or water. The resistance 
is then found at some other temperature, e.g. that of boiling saturated 
brine. Then, /, the temperature on the resistance scale, of boiling brine, 
is given by: 


К; — Ro о 
°С. --—— X 100 C. 
Rioo p Ro 
The coefficient of increase of resistance of copper, 


о, is given by: 
К, = Ro(1 + 100 о). 


C(11) CALORIMETRY, including electrical and cooling methods 
Revision of previous work, Sections A(16), (17) and 3(11), including 
experiments on determinations of the Specific heats of solids and 
liquids, the latent heat of vaporization of water, and, if possible, the 
latent heat of fusion of ice. 


Experiment — C.16—To find specific heat by electrical heating. A small 
mains-type electric heater is used to warm wa: 


er for, say, 1 minute, the exact ris 


meter, but 
n this case t 


› and is based on the Supposition that 
two objects 4 and B, having 
nature and equal temperatures, 
ings, cool at equal rates. It foll 
А and to fall through a cert 
directly proportional to the q 
from 6, to 0,, that is: 


Та W4(0—0) №, 
tn Wg(001 —0) Wy 
If A is a vessel of mass m 4 and specific heat s 4 containing a mass m,, 


2), are 
falling 


—€———— 
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of water of specific heats, (1 cal. ат.” °C, =), while Bcontains amass 
ту, of liquid of unknown specific heat sz then: 
2 


ta _ ТАЗА 4 тоо , 
tg mpSg + "LSL 


from which 5; can be determined. Obviously the same calorimeter 
[оу be used, in turn, for the water and the liquid; then mp$p = M 4S4: 
Obviously too, the volume of the liquid must equal the volume of the 
ater, 
Experiment — C.17—A adetermination of specific heat by the cooling 
Thethod, Accurate results for the specific heat of a liquid can be obtained 
ided certain precautions are observed. 
iquid, hence there must be 
efficient stirring with a properly stirrer; stirring with the 
thermometer is not good enough. (ii) Cooling must also be fairly rapid 
in order to avoid effects due to conduction and convection in the liquid; 
hence a thin metal calorimeter, of narrow diameter, 15 the best. This 
should not be lagged, but be suspended in а moderate draught. (iii) Loss 
of heat due to evaporation 5 ould be avoided, hence the temperature 
0, must be far removed from the boiling point. Since one of the liquids 
is water, the cooling range 0, — б) might well be from 45° to 35°C. 


C(12) RELATION BETWEEN HEAT ANP work 


A suitable historical approach has been suggested (Section В(15)), 
and this earlier work should be revised. Pupils should know at least: 
© Joule’s experiments on the determination of mechanical equivalent; 
(i) Callendar and parnes's continuous flow calorimeter method. 
There should be some discussion of the variation of the specific heat 


of water with temperature, and a more precise 
"nit is required, e.g. the 15? calorie, ОГ the 20? calorie. 
c work, the joule is now taken 


(Note.—In more advanced scienti ; 1 
as the unit of heat, and the specific heat of water 1S found, by experi 
ments similar to those of 
T gm.-1°C-1. The calori ) 
аз not yet affected school science and appears un! 
Experime inati < a continuous flow calori- 
nt — C.18—For the determination © 
йе: can be purchased, oF constructed from à glass tube about a foot 
ong, and 4 to 4 inch in diameter, contaln 
coiled An Je length. А 6-, 12- oF 20-volt supply can b 
the current and P.D. measured by ordinary D. 
i energy dissipation in the wire shoul 
[UN condenser may be used for the 
eing left empty and the water pass 


‘the heater wire is situated. 
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C(13) THE GAS LAws 


(Section B(10)), and hence: 


= == constant, or py = RT. 


The different meanings of R (for a gram ога gram-molecule) should 


a 
= constant; this deduction frem 
the above equations should be verified experimentally, 


Experiment — C.19—The Joly apparatus is used to show that the pressure / 
temperature graph for air kept 


рг : at constant volume іє а straight line; 
also that, within experimental error. 


› the coefficient of pressure increase 
is sty per °С, In Figure 71, the usual fragile glass bulb sealed to the 


be explained. At constant volume A 


ШИШИП 


(Experiment С i use in Showing the gas laws. 


glass tube is replaced by a ru 
be taken not to disturb the mud bane duri Small flask. Care must 


5 с ап experiment, 
At this stage it must be pointed Out that w, 
mercury-in-glass thermometer ДЕ T 


have been taking the 
measurement. This is 


f temperature 
ature Scale; is it the best? 
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(See section C(10).) A discussion leads to the reasons why gas 
thermometers give more accurate and consistent results; in particular, 


the constant volume hydrogen thérmometer. 


C(14) DEDUCTION OF THE GAS LAWS FROM KINETIC THEORY 


We now have to make quantitative use of the simple ideas of kinetic 
theory already learned (Section B(14)) and which should now be 
revised. The evidence for the existence of molecules and for their 
small size, may be discussed. Rayleigh's experiment on the determina- 
tion of molecular diameters may be mentioned: he found the thick- 
ness of the thinnest ойт that would just alter the surface tension 
properties of a water surface. The Brownian movement can be 
demonstrated by using an ordinary school microscope borrowed 
fr om the biological laboratory: a single drop of milk is placed on a 
microscope slide, covered with a cover slip, and viewed with the 
highest powered objective. The smaller fat droplets are seen to be in 
à state of constant random agitation. 
The assumptions of the theory are listed, and the equation 
ру = dmn? = 3Mw 

is deduced. By identifying the ‘heat’ possessed by a gas with the 
kineticenergies of its molecules, we obtain the perfect gas equation, 
ру = RT. Absolute zero is ‘explained’: it is the temperature at which 


all molecular motion has stopped. 
C(15) DEVIATIONS FROM THE SIMPLE GAS LAWS [and their explanations] 


We have obtained an equation py = RT which should be obeyed by 
а ‘physicist’s gas’ consisting of ‘kinetic theory molecules’; this is not 
а real раз. We have also seen (Section C(13) ) that real gases do obey 
the same equation, within the limits of error of some not very precise 
experiments and over a small range of temperatures and pressures. 
How far is the equation true over larger ranges (close to the liquefac- 
tion point, for example)? An immense amount of work has been 


performed on this subject, and one particular set of experiments, for 
dioxide, should be chosen for 


example those of Andrews on carbon ‹ 
Special study. p/v graphs, and pv/p graphs, for substances in the 
liquid and gaseous states should be considered. Critical temperature 
and the critical state should be mentioned but not dealt with 
mathematically. 3 А 

[The explanations of the deviations in terms of (i) the mutual 
attractions of the molecules, and (i) their finite size, are dealt with, 
апа van der Waal's equation may be mentioned, but its mathe- 
matical derivation need not be learnt at this stage.] 
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C(16) SATURATED AND UNSATURATED VAPOURS, including dew-point 
and hygrometry; DALTON'S LAW OF PARTIAL PRESSURES 


Revision of the work listed in Section B(13); the only new item is 
Dalton's law. 


C(17) C, AND C, AND THEIR DETERMINATION [CALCULATION OF 
(C, — С,) FOR AN IDEAL GAS] 


‘The specific heat of a gas is the heat required to raise unit mass 
through unit rise of temperature. —Why is this inadequate? Work 
is done by an explanding gas, and work is done ола contracting gas. 
A gas has an infinite number of specific heats.—Why? Definitions of 
c, and c,. The determination of. c, by the continuous flow calori- 
meter, and of c, by Joly’s differential steam calorimeter are experi- 
ments usually considered to be beyond the range of a school 


laboratory, although an attempt at the c, determination may be 
made. ы 


C(18) ISOTHERMAL AND ADIABATIC CHANGES [EQUATIONS OF ADIABATIC 


CHANGE FOR AN IDEAL GAS. WORK DONE IN EXPANSION AND 
COMPRESSION] , . 


The gas equation pv — constant, applies to isothermal changes,— 
What does isothermal mean?— Constant temperature, complete gain 
or loss of heat. The other extreme case, no gain or loss of heat, is 
obviously of practical importance. (Why?—changes that take place 
rapidly, e.g. sound waves.) Definition of adiabatic change. Adiabatics 
and isothermals on a p/v graph: which are the steeper?—Why? 


Mention of py’ = constant, and of C = J YP for the velocity 


р 
of sound. 


[Proof of pv’ = constant, for an ideal gas. Note that py — RT 
applies to all changes, provided that the mass of ideal gas is constant, 


Hence we can obtain, by elimination of р, Tyri = constant, and by 
y—1 
elimination of v, a = constant,. 


Problems should be set on adiabatic changes of p, v and Т,1.е. оп 
the use of the above equations; and on work done in expansion and 
compression of a gas (adiabatic and isothermal).] 


[Experiment — C.20—The determination of Y for air, by Clement and 
Desormes’ experiment, is a useful exercise in isothermal and adiabatic 
changes. A large vessel with a large tap is required; even so, the usual 
simple apparatus gives results accurate only to the first decimal place.] 
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C(19) LIQUEFACTION OF GASES 


The working of a refrigerator of the ordinary domestic type, or of that 
used for storage and conveyance of meat, etc., may first be described 
(the refrigerator with a compressor pump is simple to explain). 

, In the *cascade process' (Pictet), the same method can be used to 
liquefy oxygen or air. But modern methods employ the ‘Joule- 
Thomson’ free expansion effect (this should be contrasted with 
abiabatic expansion). The Linde regenerative process may be given 
as a method of producing liquid air continuously. Hydrogen and 
helium can be liquefied by the same method; the ‘Joule-Thomson 
inversion-temperature" should bè mentioned. 

No experiments !—unless a cylinder of carbon dioxide is available. 
Several layers of cloth, e.g. blackbéard dusters, are tied around and 
over the nozzle and the gas is released. The cloth is untied and lumps 
of solid carbon dioxide are shaken out..Note that the substance does 


not exist as liquid at atmospheric pressure. » 


C(20) THERMAL CONDUCTIVITY OF SOLIDS OF HIGH [AND LOW] CON- 
DUCTIVITY BY SIMPLE METHODS 
After being reminded of earlier qualitative work (Section A(22)), 
pupils гап be led to formulate a correct definition of conductivity. 
Most schools possess Searle’s apparatus for finding the conductivity 
of copper; this apparatus is simple to understand, although inevitably 
somewhat tedious in use, since a steady state must be reached before 
readings are taken (about 2 hours?) Pupils must therefore be 
encouraged to set up the apparatus and get it working at the very 


beginning of the practical period. 
Experiment — C.21—The conductivity of copper is found by Searle’s bar 
method. 
[For a substan 
apparatus is ‘Lees’ 
at this stage.] 


[Experiment — 
rubber. A large calo 
water. A length of ru 


joined to a steam-can, and the other, a 
ed through; when the temperature 


outlet for the steam. Steam is pass 
of the water has risen a few degrees (so that the rubber tubing has been 
warmed up to 100° C. on the inside), the time taken for the water to 
rise about 10°, say from 25? C. to 35? C., is taken. Constant and rapid 
stirring is required. In the equation, 
KAQ, LY 0.) 
Q d 


ce of low conductivity, the standard form of 
disk’; however, the following is quite acceptable 


C.22—To determine the thermal conductivity of india- 
rimeter or beaker contains a known mass of cold 
bber tubing, coiled inside the beaker, has one end 
Iso outside the beaker, as an 
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Q is the heat passing through the rubber in unit time, that is the mass of 
water x rise of temperature (35? C. — 25° C.), Ex Бу the time taken; 

© 35 4-2 x 
(0, — 9.) is, with the figures quoted (100 — 5 ) = 70° С.; А іѕ 
ar?l, where r is the mean of the inner and outer radii of the tubing, 1 
is the length in the water, and d is the thickness of the tubing wall. 
Hence K can be found.] 


C(21) NEWTON'S LAW OF COOLING 
This law, that rate of cooling is proportional to the temperature 


difference between the body and its surroundings, or E: = K(0 — 6), 


is a useful, but approximate, empirical law for temperature differ- 
ences (0 — б) not exceeding 30° €., and when the cooling is mainly 
by forced convection (draughts). It is also true for heat loss by con- 
duction, and very nearly true for heat loss by radiation when 0 is not 
very different from 0, (room temperature); that is, Stefan's law of 
radiation, in the case of small temperature differences, reduces to 
Newton's law. It is not quite true when the main source of cooling 
is natural convection (absence of draughts); in that case the rate of 


cooling is said * to be given by — 40 


je K' (0 — 09)%. An experiment 


on Newton's law is therefore best performed with an unlagged calori- 
meter in a steady draught; that is, under the conditions for which 
Newton stated the law. 


Experiment — C.23—To verify Newton's law of cooling. The calorimeter, 
containing warmed water (evaporation must be negligible, therefore 
not above 45? C.), is suspended in an open position, and temperature 
readings are taken at intervals. A temperature/time graph can be 
plotted. Room temperature, 0o, is noted. The slopes of the temperature/ 
time curve at, say, five points corresponding to five temperatures, give 
the rate of fall of temperature for the five values of temperature difference 
(0 — 0,). By multiplying the rates of fall of temperature by the water 
equivalent of the calorimeter and its contents, we get the rates of loss 


of heat, 20. А second graph is now plotted, of log (- 22 against log 
(0 — 99). This should be a straight line having a slope of unity. Alternatively 


we simply plot — dQ against (0 — 0,), and this should give a straight line. 
C(22) PREVOST'S THEORY OF EXCHANGES—STEFAN'S LAW 


Elementary work on radiation (Sections A(22), (23)) must be 
thoroughly understood. Prevost's theory is that a body emits radia- 
tion at a rate depending only on its temperature and the area and 


* See New Zealand School Science No. 1, also reprinted in School Science 
Review, No. 123, p. 232. 
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nature of its surfaces. At the same time it absorbs radiation at a rate 
depending only on the naturé and intensity of the radiation falling 
on it, and on the area and naturé of its surfaces. This is a very reason- 
able theory, compared with any depending on temperature difference 
between the body and its surroundings (why?), but it cannot be 
proved by experiment (why not?). It should be used to show, by a 
simple argument, that a good emitter is also а good absorber 
(demonstrated experimentally in Section A(23) ). 

The nature of black-body radiation should be explained; and itcan 
be proved, again by à simple argument, that the radiation inside a 
constant temperaturevenclosure is black-body radiation (‘all cats 
look black in the dark . . .’*). Stefan's law should be explained and 
stated, but its theoretical and experimental proof should be omitted 
at this stage. Numerical examples on its application should be given. 


° 
ә 


SOUND o 
C(23) PRODUCTION AND TRANSMISSION OF SOUND—GENERAL CHAR- 
ACTERISTICS OF WAVE MOTION—THE NATURE OF SOUND 


already been covered (Sections A(13) and B(7)). 
should be placed on the understanding of the 
nature of transverse and longitudinal waves, the meanings of dis- 
placement, , amplitude, period, frequency, wave-length and the 
equation C = f). The equation for a progressive wave is not required. 


Most of this has 
Greater emphasis 


VELOCITY OF SOUND IN FREE AIR— 


C(24) DETERMINATION OF THE 
N Or SOUND in the 


CONDITIONS AFFECTING THE TRANSMISSIO. 
atmosphere and other media 


it — C.24—Pupils should determine the velocity by one simple 
and B(7) They should also know оле 


bb's method". 


Experimen ( Р 
method, as in Sections A(13) 
more accurate method, e.g. “He 


The mathematical proof of the equation C — YP is not required, 
р 

but pupils should have some physical knowledge of why these 
quantities are involved in the equation. They should be able to 
discuss the effects of pressure (no effect!), temperature and humidity 
on the velocity, and also of wind and temperature gradient on the 
propagation of sound in the atmosphere. 

* This is not really а good example. If the ‘dark enclosure” contains a cat, it is 
we had infra-red sensitive eyes We should 


not a constant temperature enclosure. If г 
see the cat because it is warmer than its surroundings. 
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C(25) FREQUENCY AND PITCH—INTENSITY AND LOUDNESS—QUALITY 


AND OVERTONES е 


Аз in Sections A(13) and B(7), but revision and, perhaps, a greater 
depth of understanding is required. 


C(26) LAWS OF VIBRATION OF STRETCHED STRINGS—STATIONARY 
WAVES—BEATS 


Experiment — C.25— The sonometer is used for: (a) Frequency and length. 
Four forks of known frequency are required; the wire is tuned to each 
in turn by altering the length, /; the tension, Т, being constant. Accurate 
results are obtained by observation and use of beats, and the ‘paper 
rider’ method. Multiplying / by f, we find /fis constant. (6) Frequency 
апа tension. With length constarit, we tune the wire to each fork in 
turn by adjusting the weights. Leg f is plotted against log T and the 
slope is determined: a straight line graph, of slope 4, is obtained. 
(c) Frequency and mass per ünit length. If time allows, this may also 
be investigated by the use of several wires. 


i yT 
Hence sat, [2 


^ 1 ^ 
The mathematical derivation of f — 2l Tis not required. Ex- 


periments with the sonometer naturally lead to a discussion (non- 
mathematical) of the nature of stationary waves and their relation to 
Progressive waves, and of nodes and antinodes. Stationary waves, 
nodes, etc., in a thread of cotton should be demonstrated by Melde’s 
experiment; this may also be modified to illustrate longitudinal 
stationary waves. Beats should also be discussed, and the fact that the 
‘beat frequency’ is the difference of the two notes concerned may be 
shown by a simple argument concerning two forks of, say, 254 and 
256 cycles per second, sounding together; the wave trains arrivi 
at the ear are in and out of phase twice per second, 


a burette, can be used, but the resonance note is not loud 
exact position of resonance is more difficul 


correction. The difference is ; 
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Organ pipes, harmonics of open and closed pipes, flue and reed 
pipes, are discussed. A brief general treatment of musical instru- 


ments may be given at this point. 


a 


Experiment — C.27—Kundt’s tube may be used to determine the velocity 
of sound in some gas other than air, for example, coal-gas or carbon 
dioxide, assuming the value for air. The velocity of sound in the rod 
may also be found by comparison with that in air. From these results 
it is possible to calculate y for the gas, and Young’s modulus for the 
material of the rod. ° 

If, of course, the frequency of the note produced can be found (by 
comparison with a sonometer wire), the velocity of sound in air may be 
determined. The success of a Kuadt’s tube experiment depends on having 
а vibrator that does not move bodily when rubbed, and which is held 
in such a way that vibration is freely possible. Instead of the usual 
arrangement of a rod firmly clamped in the middle, it is better to use a 
longer rod gripped, with a point^or line contact, at two points one 
quarter of the length of the rod from each end. The rod may be of 
brass. It may’ be gripped between two short cylindrical rods (placed 
across it), preferably of some material such as ‘tufnol’ or ‘perspex’, 
though metal may be used. The projecting point of a screw in the middle 
of the top ‘tufnol’ rod fits into a small hole in the brass rod (Figure 72). 


E] Sl 
е 1 222229 
short < E Ei P 
rods Ey ong ANM) 


О! 


FIGURE 72.—A method of clamping a vibrating rod. (Experiment С.27) 


wooden base 


The central portion of the rod is rubbed to-and-fro with a wet woollen 
cloth; with practice a clear singing note may be obtained. The wave- 

` length of the sound in the rod equals the length of the rod in this case. 
Both tube and lycopodium powder must be perfectly dry, and only 
the slightest trace of lycopodium is required if accurate measurements 


are to be obtained. 


C(28) MEASUREMENTS OF FREQUENCY 


A. summary of the different methods available is required: siren, 
sonometer, beats with a known frequency, stroboscopic method; 


also: 


C.28—To find the frequency of a fork by the ‘falling plate’ 


Experiment — 1 
4 but provides a good practical and theo- 


method. This is not accurate, 
retical exercise. 
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[C(29) DÓPPLER EFFECT, AND ITS APPLICATION TO SOUND AND LIGHT] 


[First, some common observations ĉa railway train whistle, the noise 
of a passing car, the warbling note produced by the whirling round 
of a small heavy object attached to a thin wire. Mathematics: it is 
easiest to deal straight away with the general case of Source, observer 
and sound all moving in the same direction, thus obtaining the 
equation, 


1— zê 
f == —» 
А e 
If vo or v, is in a direction opposite to that of c, we give it a minus 
sign in the equation. If source and observer are not moving directly 
towards or away from each other, v, and v, are the component 
velocities along the line joining source and observer. The equation 
should be applied to the sol&tion of numerical problems in Sound. 
In Light, the Dóppler'effect may be applied to: (a) the motion of 
stars in the line of sight; (5) the determination of the speed of rotation 
of the Sun and of the rings of Saturn.] 


LIGHT i А 


C(30) RECTILINEAR PROPAGATION, REFLECTION AND REFRACTION AT 
PLANE SURFACES 


The new work (additional to syllabuses ‘A’ and В?) is: 


(a) critical angle, and sin C — 1, 
H 
(b) refraction through a prism; 


the minimum deviation formula, 
D--A 


sin 


ULP Ta A 
D — sin “+4 sin Я and the thin (small angle) prism formula 
D = (и — 1)A. 


Experiments — C.29—To find u Бу, the critical angle method. (a) By 
means of an air film between two glass plates that can be turned in a 
tank of liquid; (b) by a method using a smear of liquid on one face of a 
rectangular block of glass. 

C.30— is found for the glass of a 60° 


trometer.] 
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C(31) REFLECTION AT SPHERICAL SURFACES— Paraboloidal and ellip- 
soidal mirrors 
9 


The initial approach should be similar to that for lenses (Sections 
A(27) and B(17)). The images seen in concave and convex mirrors are 
examined, and the real images obtainable with a concave mirror are 
received on a screen. А ray-box is arranged to give a beam of three 
rays, and the effects of cylindrical concave and convex mirrors on the 
beam are noted. This leads to definitions of centre and radius of 
curvature, axis, principal focus and focal length. Ray diagrams are 
drawn for the various cases of real and virtual images formed by a 
concave mirror, and for the virtuál image formed by a convex mirror. 
We prove that, approximately, г == 2f. We take the case of a ray 
diagram of a concave mirror forming a real image, and show, bya 
simple, similar-triangles method, that 
" I v П 

пешага 
When applied to one of the other cases, however, the signs in these 
equations are different. We have to adopt a sign convention, either 
the ‘real-positive’, or the ‘algebraic’ (see Chapter VI). A few problems 
are solyed by drawing accurate diagrams, others by the use of the 


formulae. 


Experiments — C.31—To find the focal len 
(a) ‘Focusing back’ rays to form an imag 


giving the radius of curvature directly, when f = 


gth of a concave mirror by: 
e by the side of the object, 


5 (b) Finding the 
s I 1 
positions of object and real image; f being calculated from F EA =p 


These experiments with real images can be performed with a light-box 
as the object and a screen to receive the image, or by the pin and 


parallax method. F d 
C.32—To find the focal length of a convex mirror: (а) By using а 
knitting-needle in а cork as the object, and adopting the parallax 
method with an ordinary pin to find the position of the virtual image 
behind the mirror. The focal length is calculated from 1 +4 = P care 


being taken over the signs. (b) By arranging the convex mirror and a 

convex lens to give an image coinciding with the object (Figure 73). 

This can be done by pin and parallax, or the use of a light-box. The 
position of the image I’ formed by the lens is found before the mirror 
is put in place; then the distance from I’ to the mirror is the radius of 
curvature. 

C.33—To find the refractive index of a liquid. (i) A concave mirror is 
placed face upwards in a shallow crystallizing dish, and its radius of 

curvature is found by the parallax method: a pin supported above the 


mirror is made to coincide with its own image. (ii) The liquid (e.g. 
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FIGURE 73.—To find the radius of шо of a convex mirror. (Experiment 
е С.32Ь 


water, benzene, paraffin, turpentine) is poured.into the dish so that the 

mirror is just covered, and the experiment is repeated (the pin is lower). 
first distance between pin and mirror Puis hoii be 

second distance between pin and mirror 1 

asked to give a simple proof of this by drawing the ray diagram. 


Then н 


C(32) ELEMENTARY FORMULAE FOR THIN LENSES—The’ dioptre—Com- 
binations of thin lenses in contact 
Jh y 1 1 1 F 
The proofs of the formulae 0 and 5 + E P are established 
by the similar triangles method for a convex ler. giving a real image. 
One of the sign conventions, ‘real-positive’ or ‘algebraic’ (sce page 
57), is applied to give formulae consistent for all cases of images 


ANC UNI 1 
formed by convex and concave lenses. The equation y; = я d Á +... 
1 2 

for a combination of thin lenses in contact is obtained. 

Experiment — C.34—The determination of the focal lengths of lenses. 
(a) Convex, by repeating the methods previously described, possibly 
using the pins and parallax method instead of a light-box and screen. 
(b) Concave, by making use of a convex lens as shown in Figure 74. 


i 
i 
i 


FIGURE 74.—To find the focal length of a concave lens. (Experiment C.34b) 


O is the image, formed by the convex lens, of the source (light-box or 
. pin), 5; the position of О is found before the concave lens is put in 
place. J is the real image formed by the concave lens of the virtual 
object, О; I can be found by using a screen, or by pin and parallax. 
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In the ‘real-positive’ convention, и is negative, v positive and f is thus 
negative. In the ‘algebraic’ convention, и and v are positive, and f is 
negative. (c) Concave, by placing the lens in contact with a more 
powerful convex lens (f2) and finding F and f; by the mirror method; 


1 1 
then == = — т. 
fa 


4A F 


[C(33) FULL FORMULA FOR THIN LENS] 


[The easiest way to obtain the relationship between focal length, 
refractive index and the radii of curvature of the faces, is by the 
‘deviation’ method. The ‘spherical surface’ method may be used, but 


it is longer and more difficult.] » 


[Experiments — C.35—To find ш for the glass of a concave lens. The focal 
length of the lens is found as in experiment 34(5) or (c), and then the 
radii of the faces by the ‘focusing back’ method, using each face in 
turn as a concave mirror. и is found by substitution in the 4, f, rs; "e 
equation.] > . 

[C.36—To find и for the glass of a convex lers. The focal length of the 
lens is found in the usual way. r, and мз are found by the ‘focusing back’ 
method and calculation from the distances measured, In Figure 75, O 


FIGURE 75.—To find the radius of curvature of a face of a convex lens. 


(Experiment C.36) 


is the object, and the light that has traversed the lens and been reflected 
normally at the surface Sa, and so has retraced its path back through 
ge at O. Now the light that leaves the lens, since 


the lens, forms an ima h : 
it is normal to the face Sa, appears to come from C; C; is the virtual 
image of O formed by the lens. Knowing и (5:0) and У, we can use the 


lens equation to calculate v, which is 5С», OT rs. Similarly, by reversing 
the lens, we can find гу. Hence и is calculated from the 4, f ro Io 
equation.] 


C(34) CALCULATION OF FOCAL LENGTHS OF SPECTACLE LENSES (to 


correct long or short sight) 
Eye defects have been considered qualitatively in syllabuses *A' and 


*B'; pupils must now be able to answer problems: e.g. ‘the “пеаг- 
point” of a long-sighted man is 1 metre from his eyes, what focal 
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length spectacle lenses are required to enable him to see clearly an 
object 25 cm. away?’ Here и = 25 cm.; v = 100 cm.; and, putting 
in the correct signs for the convention used (remembering that the 
image is on the same side, and virtual), we find fis 334 cm., convex 
(3 dioptres). 


C(35) OPTICAL INSTRUMENTS—TELESCOPES: astronomical, terrestrial, 
Galilean, reflecting; prism and Galilean binoculars—micro- 
SCOPES, simple and Compound—THE SPECTROMETER [including 
adjustments|—The projection lantern and the camera 


The qualitative work in syllabuses*‘A’ and *B* 
Simple calculations on telescopes and microsco 
for all these instruments, are incfuded. 


Should be revised. 
* o 
pes, and ray diagrams 


Experiments — C.37—The astronomical telesc 
two convex lenses (one 30-50 cm. and the 
mined, and the lenses zre mounted at a distance (F + f) apart, on a 
half-metre scale, by means of plasticine. The magnifying power is 
estimated by viewing a scale (ruled in chalk on a blackboard at the 
far end of the laboratory) through the telescope with one eye, and seen 
directly with the other. The estimated result is compared with that 


calculated from Ë, ý 


ope. The focal lengths of 
other 10-15 cm.) are deter- 


C.38—The spectrometer is used to find: (a) the angle of a 60° prism; (b) 
the minimum deviation; and, by calculation from the formula, the 
refractive index for sodium light. 


С(36) Qualitative discussion of CHROMATIC ABERRATION and its cor- 
rection. [Quantitative treatment for two thin lenses in contact] 


Demonstration — The image of a thin illuminated slit, formed by a 


convex lens, is thrown on a distant screen or wall. The class notices 
that, if the line of light falling on the lens 


a straight white image is formed. B 
side of the diameter of the 


› the more widely dispersed the 
spectrum. (The class will also notice 3 


blue images, and pupils s 
obtained on a screen fr. 
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[ Definition of dispersive power. Proof of the achromatism equa- 


UN: 
tion — + — = 0; and the use of this equation, together with 


Л f » 


1 ЖИ! 
to calculate the focal lengths of the components of an 


ee ae 


achromatic combination.] 


C(37) Generation, detection and properties of ULTRA-VIOLET AND 
INFRA-RED RADIATION 


Revision and extension»of the work in syllabus ‘B’. 


3 


C(38) VELOCITY OF LIGHT and its determination by terrestrial methods 


Galileo tried to find the velocity of light. He had two men, А and B, 
on hills at a distance, d, from each other; each man had a lantern with 
a shutter. The experiment was done at niglit. A opened his shutter; 
when B saw the light from A he opened his shutter. A found the time 
interval, t, between opening his shutter and seeing the light from B. 


Then c — = Did Galileo get any result? Yes, of course he did! But 


determinations were very variable, and it seemed to make little 
difference whether the hills chosen were close together or far apart. 
Was this experiment a complete failure? Can anything be learnt 
from it? 

We must get rid of A and B and employ some faster device. What 
about B?—(replace by mirror). What about A?—This is too difficult 
for the class, but they can be told about Fizeau’s toothed-wheel 
apparatus, and can then explain how it works. 

Foucault’s rotating-mirror method should be explained; also the 
possibility, by this method, of a determination of the velocity of light 
in water. 

(Some mention may also be made of Rómer's astronomical method 
and Michelson's rotating-octagon method. If the teacher knows any- 
thing about relativity, he may like to discuss the importance of 'c' as 
a ‘universal constant’, but this is not essential!) 


C(39) THE WAVE THEORY OF LIGHT—HUYGHEN'S PRINCIPLE applied to 
the explanation of reflection and refraction at a plane surface 


Newton knew that there are two possible explanations of the nature 
of light: particles (which he called ‘corpuscles’) ог waves. He said he 
did not wish to decide between the two theories, that he did not deal 


Т.Р.—Ү 
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in hypotheses, but in fact he more often chose the corpuscular 
explanation.—Why? The corpuscular explanations of straight pro- 
pagation, finite velocity, reflection, ‘refraction and dispersion, should 
be discussed. The difficulties of simultaneous reflection and refrac- 
tion; the *theory of fits'. The much greater difficulties of the wave- 
theory: sound is a wave-motion, and sound bends round corners; 
why does not light? (When the teacher talks behind the door, he can 
be heard but not seen.) Also, light apparently shows no interference 
effects such as sound wavcs produce. However, reflection and refrac- 
tion at plane surfaces can be explained by means of Huyghen's 
principle. T 

Two points are noted: (i) that there is no difficulty, on the wave 
theory, about simultaneous reflection and refraction at a surface; (ii) 
that light should travel more Slowly in water than in air, whereas, on 
the corpuscular theory, it should travel more quickly. This point is 
decided decisively in favour of the wave theory- by Foucault's 
experiment. i 

If we accept the wave theory, we still have to explain why interfer- 
ence effects are not produced by normal light sources, and why light 
does not appear to bend round corners (diffraction). If possible, we 


have to show that light does produce іпіегѓе,епсе and diffraction 
effects. 


C(40) Conditions necessary for interference—MEASUREMENT OF WAVE- 
LENGTH BY AN INTERFERENCE METHOD [NEWTON'S RINGS] 


Why cannot interference effects be produced by two ordinary 
Sources, e.g. two electric light bulbs?—For Several reasons, which 


should be discussed. How may we obtain two sources that do 
interfere? 


М. 
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points should be noticed: (i) it cannot be assumed that the lens and 
plate are exactly in contact, therefore a method involving the measure- 
ment of the diameters of inner and outer rings must be adopted; (ii) 
since the curvature of the lens surface is so slight, a,sspherometer method 
of measuring the radius of curvature is inaccurate; the optical method 


of experiment C.36 should be adopted.] 


[C(41) DIFFRACTION—THE DIFFRACTION GRATING] 


[Demonstration — The apparatus of experiment C.39 (Young) is set 
up, but a single slit is used instead of the double slit. The diffraction 
spectra produced by a white light source are clearly visible, especially 
when the eye is placed'close to the second slit. The effects of wider 
and narrower slits are studied (a slit of variable aperture is best—or 
a V-shaped slit formed by two satety-razor blades at a very small 
angle). We notice that the smaller the slit, the wider the diffraction 
pattern. These phenomena are explained in a simple qualitative 
fashion. We note that an infinitesimally small slit would produce a 
uniform scattering of light in all directions.] 

[The diffraction grating is regarded first as a regularly repeated 
array of infinitesimally small slits separated by spaces, and we note 
how it would produce a central undeviated, undispersed, beam, with 
spectra,of various orders on either side. We then consider the effect 
of the finite size of the grating slits on the intensity of the spectrum 
of the various orders. Finally the advantages and disadvantages of a 
grating spectrometer compared with a prism spectrometer should be 


discussed.] 


[Experiment — C.42— The diffraction grating. Thisissetupona spectrometer 

turn-table in the usual way, and used to demonstrate various spectra, 
and to measure the wave-length of sodium, or some other mono- 
chromatic light. We note the separation of the sodium lines, not 
usually seen with an ordinary prism spectrometer.] 


C(42) POLARIZATION 


A simple and qualitative treatment of the pro 


of plane polarized light. л 
Progressive waves іп а long горе or cord may first be considered. 


The waves are in a vertical plane. What is the effect of: a vertical slit? 
—a horizontal slit?—an inclined slit? (we suppose there is no friction 
between rope and slit). We notice that the slits have no effect on 
longitudinal waves, e.g. Waves obtained by tapping the end of a long 
rod with a hammer. Now we consider waves in a rope when the end 
is oscillated indiscriminately in all possible directions—effects of 


‘polarizing’ and ‘analysing’ slits, etc. 


duction and detection 
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Next come demonstrations of whatever arrangements for obtain- 
ing polarized light are available: tourmaline tongs, polaroid disks, 
calcite crystals, Nicol prisms, polarization by reflection. (The explana- 
tion, on the analogy’of the rope and slits above, is easily understood.) 
Polarization cannot be explained by a theory of particles; light must 
be a wave-motion, also, a transverse wave-motion. | 

Polarizing angle in reflection should be mentioned; also the 
‘ordinary’ and ‘extraordinary’ rays produced by calcite and quartz, 
and the manufacture of a-Nicol prism. The existence of “о” and te 
rays is so interesting and puzzling to pupils that an explanation in 
terms of Huyghen's principle applied to spherical (о) and ellipsoidal 
(e) wave fronts may perhaps be attempted. И 2 

Applications of polarization should be discussed, e.g. the polari- 
meter (for sugars, etc.); also other uses, e.g. in sun-glasses, photo- 
graphy, *3-D' films, etc.* 

The course on this part of*Optics may be concluded with a final 
discussion on the nature'of light (see Chapter VII, page 75). 


C(43) PHOTOMETRY 


Light is a form of energy and shou 
practical difficulties of this. In 
Source, the standard caridle 


ld be measurable in ergs—the 
practice we have to start with a light 
or the Harcourt pentane lamp, and 
compare other light sources with it by means of our eyes. We consider 
luminous intensity, the candle-power of a source, the illumination of 
a surface, the foot-candle, and then proceed to discuss the inverse 
square law and the cosine law. We expect these laws to hold because 
of the geometry of our three-dimensional world.—Inverse square 
photometers: Rumford and Bunsen.—Modern types of visual photo- 
meter: Lummer-Brodhun and flicker.—Light-meters of the copper, 
copper oxide type.—Photo-electric cells. 

[Luminous flux.—The lumen.— The lux.] 


c) Lummer-Brodhun photo- 


3 n easily be made. 
able it may be used: (a) to compare light- 


à photometer, to 


ы ; Or as an inverse 
square photometer); (c) to Plot, with polar co-ordinates, the light 
distribution round an electri 


à c lamp; (d) to demonstrate the inverse 
square law by readings taken at 1,2,3... feet from a source. 


* A useful booklet, Polarized Light and its Application, is Obtainable from 
Polarizers (U.K.) Ltd., 21 Grosvenor Street, London, W.1, England; or from 
the Polaroid Corporation, Cambridge, Massachusetts, U.S.A. 
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MAGNETISM AND ELECTRICITY 


C(44) MAGNETOMETRY—The inverse square law—The determination 
of H, and of the angle of dip . 


Unit pole is defined. We define pole strength as being proportional 
to the forces exerted, „. F oc m, X ть. How does F depend on the 
distance apart, r?—An inverse square law seems probable and sen- 


p ‘ тут» x 
sible, and we will assume Foc 5 Experiment C.45 provides a rough 


verification; for an accurate method, see experiment C.49. 


Experiment — C.45—Two long ball-ended Robison) magnets are used. One 
is fastened vertically to a balance pan and its weight is counterpoised; 
the other is also fixed vertically, above the first, so as to produce repul- 
sion between the adjacent poles. Tlie force is measured for r = 4, 1, 14, 
2 cm.; Fr? should be constant. " 


Our definition of unit pole gives F — mj provided F is in dynes. 
rà 


— Magnetic field strength, the oersted.—Neutral points. 

Experiment — C.46—The determination of pole strength of a Robison mag- 
net by the neutral-point method, the value of H in the laboratory being 
given. Я 


he formulae for the field strengths 


The deflexion magnetometer.—T 
responding formulae for ‘short’ 


in the A and B positions; the cor 
magnets. 
Experiments — C.47—The determination of the pol 


magnet by the neutral-point method. 
C.48.—A comparison of magnetic moments of two bar-magnets by: (a) 


the deflexion method; (5) the null method. . 
C.49—The gauss proof of the inverse square law by the deflexion magne- 
tometer used in A and B positions. 


An oscillating magnet.— What is the period likely to depend upon, 


and how?—The formula T = 27 XH [Proof of the formula.] 


e strength of a bar- 


е ‘oscillation magnetometer' is made from 
f steel knitting-needle, cut off with a hack- 
d blob of plasticine at the centre serves to 
stabilize the swing, and as an attachment for a length of very fine cotton 
(or a single thread of unspun silk). The other end of the cotton is 
attached to a cork, and the whole is fitted into a wide ‘boiling-tube’ 
supported on a wooden stand. Since, for the same magnetometer, Iand 
M are constant, the arrangement may be used to compare field strengths 
at different places, e.g. inside and outside the laboratory. 


Experiments — С.50—А simpl 
а 1-inch (or smaller) length o 
saw and magnetized. A roun 
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C.51—The determination of H by deflexion and oscillation experiments. 
If the bar-magnet used is ‘short’, we have: 


о а 
2M " P 
P H tan 0, and T — я | sig 
and so, by measuring d and 0 for the deflexion experiment, and finding 
T for the oscillation experiment, we can eliminate M from the two 


equations and find H. J is found by calculation from the mass and 
dimensions of the magnet. 


C.52—The use of a dip-circ'e to determine angle of dip (the mean of 16 
readings). 
[C(45) INTENSITY OF MAGNETIZATION—MAGNETIC INDUCTION (Лих 


density), B. MAGNETIC PERMEABILITY, џи. Г-Н and B-H curves. 
HYSTERESIS] 


[Definition of I by magnetic moment per unit volume; this is the 
same as pole strength per unit area. Definition of B’by means of the 
*cavity' method, originally due to Lord Kelvin; the defining equation 


for Bis therefore В = Н + 4л1. Definition of u by: u = 2. In empty 


space, ио = 1. According to,this interpretation. B and H are quanti- 
ties of the same physical nature, and the units in which they are 


measured, gauss and oersted, are interchangeable, but it is useful to 
keep the distinction.] 


[Experiment — C.53—To plot I-H curves by the magnetometer method, 
for a specimen in the form of a straight rod, or a bundle of straight iron 
wires.] 


[Typical I-H and B-H curves should be 
(soft) iron and steel. Special alloys, such as ‘mu-metal’, ‘permalloy’, 
cobalt steel, ‘alnico’ and ‘ticonal’, should be mentioned.—Hysteresis, 
and hysteresis loss in a cycle (qualitative treatment only).—Pupils 


should be able to answer questions such as ‘What material would you 


use for transformer iron, permanent magnets, etc., and why?’ Mean- 


ings of 'retentivity' (or *remanence?) and ‘coercive force’.] 


discussed, e.g. for ‘stalloy’ 


C(46) ELEMENTARY ELECTROSTATICS. 
capacitance— Parallel plate cap 
series and parallel 


» including charge, potential and 
acitor (Condenser)—capacitors in 


Attraction and repulsion of positive and negative charges; the gold- 
leaf electroscope.—The electrophorus.—Faraday’s ice- pail experi- 
ment.—The experimental investigation of the distribution of charge 
оп a conductor; the “action of points’; the lightning conductor. 


— 
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The inverse square law; outline of the Cavendish-Biot-Maxwell 
proof, but not the mathematics.—The definition of unit charge; the 


3 
equation F — Le (in empty space).—Electric field strength (in- 


tensity); unit field.—Potential difference and absolute potential.— 
Potential near a point charge.—The relation between electric intensity 


and potential gradient.—Capacitance; unit capacitance.—Capacit- 
ance of a sphere remote from other conductors.—Capacitors (Con- 


z : КА 9 
densers).— Dielectric constant. без ка fora parallel platecapacitor. 


—Types of capacitor її? practical use; the farad and microfarad.— 
Cajiacitors in parallel and series. 
Experiment — C.54—Pupils should know one method of comparing capa- 


citances and of determining dielectric constant; e.g. by use of an elec- 
troscope or a ballistic galvanometer; ог by an alternating-current 


method. a 


[С(47) Capacitances of two concentric spheres—Energy of a charged 
conductor] 


[Proofs of the formulae.] 
(Note.—In order to give more time for important work on current 


electricity, much of the older material of the electrostatics syllabus 
has been deleted. Among the items which, it is suggested, should be 
omitted are: verification of the inverse square law; Gauss’ theorem; 
mechanical force on the surface of a charged conductor; the attracted 
disk and quadrant electrometers; the working of the Wimshurst 


machine.) 


C(48) Magnetic field at the centre of a сіп 
UNIT ог CURRENT AND CHARGE; th 


THE TANGENT GALVANOMETER 
p) as ‘that 


Definition of the electromagnetic unit of current (арат 
current which, flowing in 1 cm. length of the arc of a circle of 1 cm. 


radius . . . etc.’ This, it may be pointed out, is a simple and sensible 


definition; the reason for ‘the arc of a circle’, rather than a straight 


wire, should be explained. The field at the centre of a circular coil is: 
(i) directly proportional to the length of wire; H cc 2nna;(ii) inversely 
proportional to the square of the distance from each piece of the wire; 

2nnl, 


“Ho тта ог ZH (iii) proportional to the current; i.e. Н Ce 
a a 


cular coil—ELECTROMAGNETIC 
e ampere and the coulomb— 


The only part of this argument thatisin the least doubtful is (b), Н oc A 
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This may be verified by experiment. *— Definitions of the ampere as 
5 abamp and the coulomb as one ampere flowing for one second.— 
The tangent galvanometer, its metfiod of use. 


Experiments — C.55—The use of a tangent galvanometer to check the 
readings of an ammeter. The ammeter contains a powerful magnet, 
and must be kept well away from the tangent galvanometer by means of 

leads. 

PS use of the tangent galvanometer to determine the electro- 
chemical equivalent of silver, hydrogen or copper, and thus to give a 
secondary definition of tlie coulomb. 

C.57—Many other experiments requiring the use of a tangent galvano- 
meter may be devised: e.g. the sum and difference method of comparing 
electromotive forces; the сотрагіѕоћ of resistances; also, if an accurate 
ammeter is available, to determine H in the laboratory. (The latter 
experiment may be considered as experiment C.55 in reverse.) 


[C(49) Magnetic field on the axis of an endless solenoid] 
[Proof of Н = 4anlI is required.] Ы 


[C(50) The force on a straight wire carrying current in a magnetic field 


— The theory of the moving-coil galvanometer—The ballistic use 
of a galvanometer] 


[One pole (strength m) of a long magnet is imagined to be at the 


centre of a circular coil carrying a current /. The force on the pole is 
шщ By Newton's third law, this is also the force due to the pole on 


the coil. But the field, Н, due to the pole is, at the coil, = “m= aH, 
a 


and the force on the wire of the coil is а Н.2ла1. But the 
a 


length, /, of the wire is 2ла. .*. the force on the wire — HII. 
The equation for the couple on a rectangular coil is: 
HO = ҺАН cos 
0 being the angle between Н and the plane of the coil. It may readily 
be obtained from F — HII, and applied to the moving-coil galvano- 
meter and ammeter (for a ‘radial’ field, 0 — 0, cos 0 — 1). 
The ballistic use of a galvanometer to measure charge should be 


explained; but the formula q — ae should be used without proof 


at this stage. (Easily remembered, ‘q equals Katie kick over two 
pie.’!)] 


* See, for example, the author's article in The School Science Review, No. 106, 
p. 329. 
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[Experiments — C.58—To find (а) the resistance, and (Б) the current 
sensitivity, of a moving-coil galvanometer, preferably a lamp-and-scale 


type.] o 
[C.59—The ballistic use of a galvanometer to compare capacitances.] 


C(51) THE ELECTROMAGNETIC UNITS OF POTENTIAL DIFFERENCE 
(ABVOLT) AND RESISTANCE (ABOHM); the volt and the ohm— 
Temperature coefficient of resistance 

Since, by definition, 1 amp. = т; abamp; and | joule = 107 ergs; it 

follows that 1 volt = 108 abvolts, and 1 ohm = 10° abohms.—The 

determination of temperature coefficient (see experiment C./5, page 


299). 


C(52) ELECTRICAL MEASUREMENTS, including potentiometer and Wheat- 
stone bridge а 


An extension óf the work contained in syllabus *B'.—Pupils should 
repeat potentiometer and metre-bridge experiments if they are not 
thoroughly familiar with them. Resistivity of the material of a wire 
should be determined. Experiment C.60 is an example of the use of 
à potentiometer to compare or measure currents. 


f low resistances (or determination 
sing the circuit shown in Figure 76. 
ced on the potentiometer 


Experiments — C.60—Comparison o 
of one if the other is known), by using 
First the potential difference across R, is balan 


(length a), then К» (length b); then к = A 
2 


$l 
FIGURE 76.—A circuit for the comparison of low resistances. (Experiment 
C.60) 


C.61—The determination of the internal resistance of a cell, either by 
using a voltmeter, or (better) by using à potentiometer. 


C.62—A comparison of high resistances by the substitution method, using 
any available type of sen 


sitive galvanometer. 
[C(53) KIRCHOFF’S LAWS] 


[Including problems.] 


324 SYLLABUSES 
C(54) ELECTROLYSIS— Simple ionic theory 


Revision of previous work in syllabuses ‘A’ and ‘B’, including the 
practical work. е х А ; 7 

Pupils should have some idea of atomic nuclei and surrounding 
electrons. This is best introduced by a historical survey of the work 
of Crookes, J. J. Thomson, Becquerel and the Curies, Millikan, and 
Rutherford (see Chapter VIT).—The nature of ions; sodium ions and 
chlorine ions forming a crystal of salt.—This leads naturally to the 
ionic theory of electrolysis, and the effects produced by electrolysis 
are readily explained in simple cases. Something should also be said 
about the simple cell, and pupils cán be given an explanation, in 
terms of ionic theory, of why an e.m.f. is produced. 

The ‘secondary reaction’ view of electrolysis should not be 
expounded; explanations should be in terms of 'preferential dis- 
charge’, e.g. OH- before SO,*- in a sulphuric-acid solution. 


However, work on contact potentials and ionic mobilities is beyond 
this stage. 


C(55) THERMOCOUPLES and applications to thermometry—Measure- 
ment of thermo-electric eiectromotive force " 

(Thermo-electric power and the Peltier and Thomson effects are not 

included.) 


Experiment — C.63—To plot a graph of thermo-E.M.F. against tempera- 
ture fot a copper-iron thermocouple. The potentiometer circuit of 
Figure 77 is used. E is a 2-volt accumulator of constant voltage, perhaps 


E 


FIGURE 77.—An apparatus to show the variation of thermo-electromotive 
force with temperature. (Experiment C.63) 


best if not quite fully charged. R is a resistance box; the resistance used 
is such that the maximum E.M.F. obtained is balanced on the potentio- 
meter with the key near the end B (probably about 1000 ohms). A 


sensitive pointer-type of galvanometer is most suitable. The hot junction 


may be fixed in mercury, in a crucible or a small iron vessel. (Tempera- 
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ture readings up to 350? C. may be taken on a mercury in glass thermo- 
meter of that range.) Mercury vapour must not be breathed! The cold 
junction may be immersed in ico or cold water. The graph obtained is a 
parabola which reaches its maximum before 300? C. 


C(56) ELECTROMAGNETIC INDUCTION—MUTUAL AND SELF-INDUCTION 


The laws of induced electromotive forces are demonstrated by simple 
experiments, as in syllabus *B'.—Revision of transformers, induction 
coil, etc.—The existence of eddy currents. 


The equation e a and q =» deduced from it. 


Application of these equations’to simple problems. , 
A qualitative treatment of mutual and self-inductance and of the 


energy stored in the magnetic field of a coil.—A simple demonstra- 

tion, e.g. by means of a 4-volt accumulator joined to a ‘choke’ coil 

(or primary of.a transformer) and a neon lamp in parallel; when the 

accumulator is suddenly switched off, the amp lights. 

[Experiment — C.64—Measurement of the strength of a powerful magnetic 
field, e.g. between the poles of an electromagnet, by the search-coil 
method, using a ballistic galvanometer.] 


С(57) “А.С. AND D.C. GENERATORS—THE D.C. MOTOR 
Revision and extension of previous work.—The back E.M.F. of a 


motor, and the reverse motor effect of a generator, should be 2 
cluded. Problems include the application of the equations e = — di 


and q = фа — $2 to rotating coils.—Series and shunt windings of 


generators and motors. 


C(58) ALTERNATING CURRENTS 
i i t and 
(Including instruments for measuring alternating curren 
Potential. difference. Root mean square values of current and 
Potential difference.—Effects of capacitance and inductance in m 
А.С. circuit, treated qualitatively; lag and lead. Some suggestions for 


experimental work * are given below. 


strati i er or blotting paper, soaked in 
emaa ЫК ee Edo which phenolphthalein has been 


potassium-sulphate solution 
оп experiments, see Modern Science 


а В ti 
s For details of suitable dun obtainable, price 2s. 6d., from the 


emoi. С rnating € S D 
Librarian of ihe Scicnce Masters Association, Mr Ed W. Moore, King's Norton 
rammar School for Boys, Birmingham 3%, x 
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added, is laid on a flat metal plate connected to the positive end 
of a battery (about 10 volts). The negative end is joined to ablunt 
metal point, e.g. the round end of a screw-eye. When the latter is 
drawn quickly across the paper, a pink line is produced. If we 
substitute а 10-volt A.C. for the battery, we now get a line of 
pink dots. | | : А 

(b) When a neon lamp is put on D.C. (radio dry batteries will do), 
only one electrode (depending on the way it is connected) glows. 
On A.C., both electrodes glow. 

(c) A low-voltage lamp, say 25 watts, may be lit by joining it to A.C. 
mains through a capacitor of, say, 4 or SF. On D.C., no current 
is passed (except a momentary current that charges the con- 
denser; this may be shown bythe ‘kick’ of a galvanometer in the 
D.C. circuit—it is best to insert a safety resistance of, say, 100,000 
ohms.) 

(d) A ‘choke’ coil, e.g. a large electromagnet, or tke primary of a 
large mains transformer, is joined to a milliammeter and a 2-volt 
accumulator. The current rises slowly, but the final value is given 


by I = a If A.C. is substituted, and an А.С. instrument used, no 


current at all can be perceived. Even on mains voltage {with a 
suitable choke) the current is quite small. 

(e) To show lag and lead by a modification of demonstration (a) 
above.—Two screw-eyes are inserted into one end of a piece of 
wood, which acts as a handle. One screw-eye is joined to А 
(Figure 78), the other to В. In the Figure, C is a capacitor of 


paper _ 
metal plate < 


FIGURE 78.—An apparatus to show lag and lead. (Demonstration (e)) 


about 2: F capacitance, and R is a 15-30-watt lamp. On drawing 
the screw-eyes across the treated paper, two lines of dots are 
obtained, but the dots formed from the A connexion are situated 
before the others because current leads potential difference in a 
capacitative circuit. If a large ‘choke’ coil is used in place of the 
capacitor, the dots from A are situated after those from B because 
current lags behind potential difference in an inductive circuit. 
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C(59) Conduction of electricity through gases—CATHODE RAYS 


e 
[MEASUREMENT OF a AND v]cCathode-ray oscillograph. X-RAYS 
А 
Introduction — What happens when an induction coil giving a high 
voltage is joined to a discharge tube which is slowly evacuated?— 
The production and properties of cathode rays.—The particle nature 
of cathode rays; electrons; the charge carried by an electron. 


[Apparatus, method and simple mathematics of J. J. Thomson's 


e 
measurement of — and,v.] 
m Р 


Elementary principles of the cathode-ray oscillograph, grid and 
brightness control, anodes and focusing control, deflecting plates and 
x and y shifts.—Magnetic deflexiori.—The idea (but not details) of a 
time-base circuit.—Simple applications, 

X-rays; production by high-voltage tubes and modern filament 
(Coolidge) tubes.—Properties and wave nature of X-rays.— 


Applications. 


C(60) THERMIONIC VALVES (TUBES); diodes and triodes 

allic conduction, the current is carried by the 
d from atom to atom in the metal. 
atoms. At high temperature 
break away. This leaves the 


Introduction — In met 
‘conductivity electrons’ easily passe 
These electrons are loosely held by the 
they can acquire sufficient velocity to 
metal (e.g. a filament) positively charged, attracting back the 
electrons.— The formation of a negative “space charge’.—The effect 
of applying an electric field between filament and surrounding plate. 
—The valve—a one-way device: the glass of a worn-out valve may 
be smashed so that the electrodes can be examined. 


Experiments — C.65—The diode as a one-way conductor. (A small 
battery-type valve is suitable; if it is a triode, the grid and filament 
should be joined to form one electrode). A 2-volt accumulator is used 
for the filament, and a small 20-volt dry battery is connected, through a 


low-range milliammeter, between the filament and the anode.— 


Anode positive, current flows; anode negative, no current. 
C.66—The diode as a rectifier. The battery is replaced by a 12-24-volt 
A.C. source. The D.C. milliammeter shows a rectified current. 


We next examine a triode and note that the grid is close to the 


filament. A change of grid potential therefore influences the electron 


flow much more than does a similar change of anode potential. The 


amplification factor is the ratio: 
change of anode volts required to produce a given change of current 


change of grid volts required to produce an equal change of current 
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f а= iode circuit is arranged with about 20 volts 
cuc me eed Eus The grid is joined to the positive end of the 
Ecc tor supplying the filament current; we note the anode current 
eun miliammeterain the anode circuit. Now the negative pole of a 
ae Де 1-5-volt dry cell is joined to the positive of the accumulator, 
ium the positive of the cell to the grid. The anode current increases, e.g. 
ТУ 0-4 ma., from 0-6 ma. with по cell, to 1-0 ma. with the 1-5-volt cell. 
The cell is removed and the circuit joined as before. We now restore 
the anode current to 1-0 ma. by increasing the anode voltage; possibly 

it takes an incfeasé from 20 volts to 28 volts to do this. The amplifica- 


tion factor is is = 53 times. 
о 
[The student should put together simple circuits to show the action 
of a triode as: (a) a resistance-capacitance coupled amplifier; (р) a 
transformer coupled amplifier; (c) an oscillator; (d) a detector. In 
conjunction with an aerial and earth lead, circuit (d) can be used to 
receive broadcasting by means of earphones. Alternatively, the 


oscillations produced in circuit (c) could be amplified by the arrange- 
ments (a) or (b).] 


ALTERNATIVE .SYLLABUS IN ELECTRICITY. 
(using rationalized M.K.S. units) 


This may be substituted for Sections C(44) to C(51) inclusive, and 
Section C(56) of the preceding syllabus. 

The syllabus given below follows the suggestions on pages 64 to 
69 of Chapter VI, and is based upon the use of the rationalized 
M.K.S. system of units. The numbers of the sections and experi- 
ments are the same as those in the Report mentioned on page 69.* 
No change in the syllabuses at the earlier levels is proposed. The 
electricity in Sections A(31) to A(47) and B(21) to B(35) is in fact 
based upon the M.K.S. system: measurements are made in volts, 
amperes, ohms, joules and watts, and no C.G.S. units are used. For 


completeness, however, some items mentioned in the “А? and ‘B’ 
syllabuses are included. 


1. Qualitative treatment of elementary magnetism, terrestrial mag- 
netism, and the magnetic effect of an electric current i 
wire, a circular coil and a solenoid. 

2. Galvanometers and ammeters: 


n à straight 


moving-coil, moving-iron, 


* The syllabus given here has been abstracted from the 


E t T Report, in which may 
be found a full discussion and details of the experiments. 
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moving-magnet.—The ampere is introduced as the name given to 
the unit of current. 
Only a qualitative explanation of the action,of the instruments is 


required at this stage. The method of calibration of an ammeter (by 
current balance) must be postponed. 


э 


3. The chemical effect of an electric current. 


Including experiment I—The use of an ammeter to show the truth 
of the first law of electrolysis, and to determine the mass of hydrogen 
(or silver) liberated by one ampere in one second. 


4. The electrolytic definition of the coulomb and the ampere. 


1 coulomb = 1 ampere flowing for one second. 


5. The mechanical definition of the joule and the watt.—The volt is 
defined from ‘work done’.—Voltmseters. 
1 volt = 1 joule per coulomb. The method of calibrating a volt- 
meter (by using a resistance determined by the Lorenz method) must 
be postponed to a later stage. 


6. The heating effect, of an electric current. 
Including experiment 2—The use of a voltmeter and an ammeter 
to determine the number of joules equivalent to 1 calorie (or the 
specific heat of water in joules. gm.~* SG), 


7. Ohm's law.—The ohm. 
Including shunts and series resistors as range-multipliers for 
ammeters and voltmeters. 


induction treated experimentally.—Electro- 


8. Electromagnetic 1 
f detecting and measuring 


magnetic induction as a means o 
magnetic flux, $. 
The usual experiments on 


the estimation of the ‘quan 
E.M.F. (volts) maintained in a cu 


electromagnetic induction, leading to 
tity’ of magnetic flux cut in terms of 
tting conductor for a given period. 


9. Units of flux, ф, and flux-density, В. 


t-second or weber; the unit of flux-density 


The unit of flux is the vol 
quare metre. 


is the vo/t-second per square metre ог weber per s 


10. The ballistic use of a moving-coil milli- or micro-ammeter to 


compare flux-densities. 


Only a qualitative explanation of th 
tically, is required at this stage. 


eir action, when used ballis- 
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11. The magnetic field of a long solenoid. 


Experiment 3—The quantitatiye exploration of the field of a 
solenoid. 


о 


12. The magnetizing force (magnetic field intensity), Н, due to а 
current in a solenoid. 


Н is defined as the product of the current and the number of turns 
per unit length: it is measured in ampere-turns per metre. Note: H is 
not measured by observetion of the field, only of the current and the 
conductors causing the field. 


13. Experimental determination of flux-density, 


„ 


Definition of permeability и as the quotient A 


volt-sec. per sq. metre ie volt-sec. 
amp. рег metre ° `” amp.-metre. 
Ho, the permeability of empty space, is given the value 4л x 10-7 


volt-sec. 


——— — — in order to obtain the ampere as the M.K.S. unit of 
amp.-metre 


current. The magnitude chosen for the ampere is a matter of past 


history. It is specified approximately by the electrolytic definition. 
An exact definition is.given later. 


jis therefore measured in 


Relative permeability, и,, is defined as “- 

Ho 
Flux-density due to a magnetizing force in a long solenoid is 
determined by either: (a) Experiment 4—The rotating-disk method, 
or: (b) Experiment 5—The make-and-break method. Since B = 4H, 
the experimental result may be compared with the theoretical value 
obtained by multiplying the magnetizing force by the permeability of 
air, which may be taken to be 4x x 10-7 VOltsec. _ (ur = 1 for 


amp.-metre* 
air.) 


Experiment 4 uses a variation of the Lorenz apparatus, which may 


later be used, without an ammeter or known resistance, to determine 
the value of a resistance in ohms. 


14. B-H curves.—Hysteresis. 


Experiment 6—To show the hysteresis cycle by the rotating-tube 
method. 


15. Mutual and self-inductance.—The henry. 


1 henry = inductance when an electromotive force of 1 volt is set 
up by a rate of change of current of 1 ampere per second. 


ебе = volts - __ Volt-sec. 
amp. /sec. amp. 
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16. The ballistic use of a milliammeter to measure flux (item 10 
continued). 


Experiment 7—To test whether the ‘fling’ of a milliammeter is 


proportional to the change in flux. 
Experiment 8—The calibration of a milliammeter for use as a 


flux-meter. 
Experiment 9—The Earth's magnetic field: a determination of the 


о ont and vertical components of flux-density and of the angle 
of dip. " 


17. Deduction of the magnetizing force (magnetic field intensity): (i) 

near a long straight conductor; (ii) near a current element; (iii) at 
"any point on the axis of a circular coil. 

18. The mechanical force on a straight conductor carrying current in 
a homogeneous magnetic field.—Application to the elementary 
theory of the moving-coil galvanometer. 

The force between two parallel straight conductors carrying 
current. : 


е drawn to the definition of the ampere in 
arallel straight conductors. Note 
alue до = 4л x 107 


Attention may here bi 
terms of the force between two par: 
that this is consistent with the allocation of the vi 


henries per metre. 
19. The electric field.—Electric field intensity, E, as potential 


gradient. 


Electric field intensity is measured in volts per metre. 


20. Electric displacement density, D, defined as surface density of 


charge. 
D is measured in coulombs per square metre. 


21. Permittivity, e, and relative permittivity, €, (or the dielectric 


constant). 
А КЕ; 
є is defined as the ratio E 
e.—The farad. 


ed to: (i) a battery; (ü) a source of 
s types of capacitor 1n everyday 


22. Capacitors; capacitance 


Treatment of a capacitor joined 
A.C. (qualitatively only). The variou: 
and laboratory use should be discussed. 
coulombs 


volts 
capacitors in series and in parallel. 


farads = 


Equivalent capacitance of 
T.P.—Z 
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23. Capacitances of a parallel plate capacitor, of concentric spheres, 
and of a sphere remote from other conductors. 


е 


р ic. M 
24. The measurement of Е (= є) in air. 


P AN 1 
The permittivity, ғо, of empty space is given by в = пу? where 
T0 
c is the velocity of electromagnetic radiation. Substituting 
My = 4л X 10-7 hoa 4, and c = 3 x 10? metres per sec., we 
S amp.-metre 
find: 
—9 . e 
£o = =— farads per metre е 
va. 


Experiment 10—The determination of є for air, which is found to 
be, within experimental error, equal to &. à 

If we can assume that thé permittivity of air is, fer practical pur- 
Poses, the same as that of empty space, then this experiment verifies 
the Maxwell relation: 


1 


E жер} 


25. The determination of a dielectric constant, &. 


Experiments 11, 12—By the comparison of capacitances. 


26. The mechanical force on a charge, О, in a field, E, is QE. 
The energy of a charged capacitor. 
27. Standards of measurement: the current balance (or dynamo- 


meter) (Experiment 13); and the Lorenz determination of resist- 
ance (Experiment 14). 


These experiments enable the electromotive force of a standard 
cell, and the value of a standard resistance, to be measured; these 
are the usual standards held by laboratories. 


ш 2———- c ——— 
ee 


PART VI—APPENDIXES 


APPENDIX A 


Some Events, Names and Dates in the History of 


Science * » 
Approxi- > 
P (1012 Event % Important names 
B.C. | à | | 
8000- Domestication of plants ара animals. | 


| 
| 
| 3000 | Introduction of pottery, querns (for | 
grinding cereals) and baking » | 
3000 | Use of wooden wheels А 
2000 Metals used—chiefly as weapons "| (Beginning of Bronze Age) 
1000 Iron used in quantity (Beginning of Iron Age) 
600- Greek philosophers took ‘all nature for 
300 | their province’ belief in a rational | 


universe; theories of matter | Thales (640-546) 
9 > Socrates (d. 399) | 


5 ‚ | Plato (427-347) 
420 Development of a theory of ‘atoms’ Democritus 


350 Physics—the ‘nature’ of things (see 
page 78); the *four-element' theory Aristotle (384-322) 


| 300 | Development of systematic geometry Euclid 
| 250  |Principles of density and levers | Archimedes (287-212) | 
A.D. 


140 Theories of astronomy and geography | Ptolemy 
| 1000 | Study of reflection and the pin-hole 
Al Hazen (965-1038) 


camera 
1100 Alchemy in Europe Te 
1150- Predominance of Aristotelian beliefs in 
1350 | scientific thinking ag 
1300 | Discovery of magnetic compass ‘Gioja’ (Ж. 
1450- The Renaissance (see page 79) Leonardo da Vinci 
1500 (1452-1519) 


1450 | Invention of printing Р t 
1500 Idea of ‘Sun as centre of universe’ Copernicus (1473-1 543) 
Vesalius (1514-64) 
1570 Study of earth's magnetism Gilbert (1544-1603) | 
| Accurate astronomical observations Tycho Brahe (1546-1601) | 
1600 Study of planets—laws of motion Kepler (1571-1630) 
| 1600 Work on the telescope, the pendulum " 
| and mechanics Galileo (1564-1642) 
| 1610 Study of gases Van Helmont Сот 1st) 
coni 


* Based on the Table in Volume УП of this series. This list is largely ‘physical’, 
but may be expanded to include more events relating to other aspects of science. 
Similarly, a chart of this kind may be sub-divided and a given section extended 


according to the topic under discussion in a series of lessons. 


a 
со 
© 
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uo Р Event Important names 
date | ҖЕ So > MEME: UN | 
Invention of microscope | 
1610 | Study of blood circulation Harvey (1578-1657) 
1630 Study of vacua—mercury barometer Torricelli (1608-47) | 
1650 | Use of air pumps Guericke (1602-86) 
1650 | Discovery of Pascal's law Pascal (1623-62) | 
| 1660 Statement of Boyle's law Boyle (1627-91) | 
1674 | Stud% of velocity of light Roemer (1644-1710) | 
1687 | Publication of the^Principia" Newton (1642-1727) | 
1690 | Discoveries in astronomy Halley (1656-1742) 
1690 | Steam-engine (first piston engine) Newcomen (1663-1729) 
1704 | Publication of ‘Opticks’ | ^Newton (1642-1727) 

1721 | Use of mercury thermometer Fahrenheit (1686-1736), 
1740 | Study of positive and negative elec- | 
| tricity . | Franklin (1706-90) 

1760 | Study of latent heat m Black (1728-99) | 
1760 | Determination of composition of water Cavendish (1731—1810) | 
1770 | Discovery of oxygen е Priestley (1733-1804) 

1770 | Development of steani-engines Watt (1736-1819) 

1770 | Work on electric cells ‚ Galvani (1737-98) 

1770 Епа of ‘phlogiston theory’ Lavoisier (1743-94) 

1781 | Discovery of planet Uranus Herschel (1738-1822) 

1783 First balloon ascent De Rozier (1756-85) 

1800 Further discoveries in electricity Volta (1745-1827) 

1800 Statement of atomic theory Dalton (1766-1844) 

1800 Statement of Ampére's rule Ampere (1775-1836) 


1804 | Production of first locomotive 
1810 Study of combining volumes of gases Gay Lussac (1778-1850) 


1810 Work in electro-chemistry Davy (1778-1829) 
1810 | Further electrical discoveries Ohm (1781-1845 
1814 | Beginnings of photography Daguerre (1789-1851) 
1816 | Invention of stethoscope Laennec (1781-1824) 
1820 | Study of electromagnetic induction Faraday (1791-1867) 
1831 Invention of electric bell Henry (1797-1878) 
1840 | Study of mechanical equivalent of heat | Joule (1818-89) 

1846 | Discovery of planet Neptune Le Verrier, Adams, Galle 
1860 | Study of micro-organisms Pasteur (1822-95) 
1860 | Statement of electromagnetic theory Maxwell (1831—79) 
1869 | Dynamite produced Nobel (1833-96) 


1869 | Elements classified in periodic table Mendeléeff (1834-1907) 
1873 | First typewriter produced 


1876 | Invention of telephone (commercial) Bell (1847-1928) 


1877 | First gramophone made Edison (1847-1931) 

1878 | Incandescent electric lamp invented Edison, Swan | 
1879  |First automobile produced | 
1887 | Detection of wireless waves Hertz (1857-94) 

1893 | First motion picture shown Frieze-Green, Edison 

1895 Discovery of X-rays й Róntgen (1845-1923) 

1896 Discovery of radioactivity Becquerel (1852-1908) | 
1897 | Existence of electrons shown 


J. J. Thomson (1856-1940) | 


1898 | Radium isolated The Curies (1859-1906, 


| ЖИК 1867-1934) 
1901 First transatlantic radio signal Marconi (1874-1937) 
1903 | First aeroplane flight The Wright brothers 


1905 | Theory of relativity stated Einstein (1879-1955) 
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Approxi- 
mate Event Important names 

| date o 
1911 Discovery of atomic structure | Rutherford (1871-1937) 
1915 Study of crystal structure Bragg (1862-1942) 
1919 Transmutation of an element Rutherford (1871—1937) 
1934 Radioactivity produced artificially Curie and Joliot 
1938 Study of atomic fission Hahn and Strassmann | 


1945 Explosion of first ‘atom bomb’ | 


Important Names and Dates in the Development of Knowledge of 
Atomic Energy * 
e 


o 


o 


5 - 
1895 | Crookes discovered cathode rays 

1896 | Becquerel discovered natural radiðactivity 

1897 | Townsend and Thomson ‘discovered’ the electron 

1898 | X-rays and gamma-rays studied р 
| 1902 | Soddy put forward the theory of spontaneous disintegration 
1904 | Rutherford discovered alpha-particles 
1905 | Einstein advanced the theory of relativity (and later showed that matter | 
| and energy are interconvertible) " 
1912 | Н. A. Wilson detected nuclear particles (cloud-chamber experiments) 
1912 | Thomson discovered isotopes of neon 
1913 | Moseley worked on X-ray spectra 
1913 | Hevesy and Pane*h used radioactive indicators 
1919 | Rutherford transmuted nitrogen 
Tae | Aston used the mass spectrograph е 

~23 Rutherford and Chadwick transmuted more elements  , 
1932 Cockcroft and Walton transmuted lithium using electrically accelerated 
protons ' | 
1932 | Urey and Washburn discovered heavy hydrogen | 
1932 Chadwick discovered the neutron 
1932 | Lawrence described the cyclotron 
1932 Anderson discovered the positron ПИК 
| 1934 | Curie and Joliot produced artificial radioactivity 
| 1934 | Fernie bombarded elements with neutrons . . 
1938 Hahn and Strassmann discovered uranium fission 
1940 | Urey suggested methods for the separation of isotopes o 
1942 | The first continuous nuclear chain reaction к 
1945 | Large-scale production of plutonium. First nuclear explosion 
1946 | Radioactive isotopes available from atomic pile. First hydrogen nuclear 


explosion , 
1953 | Brookhaven (U.S.A.) proton-synchrotron working 


REFERENCES 
and the Physical Sciences. Atomic Energy C 


f heavy elements 


Atomic Energy н ommission, 1950. 
U.S. Printing O 
UR хе Бес & Whiddington. Н.М. Stationery Office, London 


Science at War. Crow! E 
Source Book on Atomic Energy. Glasstone. Macmillan. 


Applied Nuclear Physics. Pollard & Davidson. Wiley 
Science News 2. (Atomic Energy Number) 
Courier, Volume VI, No. 12. Unesco. 


* Based on the Table in Volume IX of this series. 
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Books for the Physics Laboratory and Library 


(F)—published in France (French language) 
(G)— published in Great Britain 
(U)— published in the United States of America à 
More than a hundred books that might find a place in these lists are 
published every year; the following is only a small selection. * 
No lists of class text-books are givén here. Almost every well-known 
` publisher of educational works has a series of such books available.f 


1. HISTORICAL 
(See also page 86, Chapter УШ) 


BERNAL. The Social Function of Science. Routledge & Kegan Paul (G) 

BROWN. Science, its Method and Philosophy. Allen & Unwin (G) 

CROWTHER. The Social Relations of Science. Macmillan (G) 

DAMPIER-WHETHAM. A History-of Science and its Relations with Religion 
and Philosophy. Cambridge University Press (G) 

HALL. The Scientific Revolution, Longmans, Green (G) 

HOGBEN. Science for the Citizen. Allen & Unwin (G) 

SARTON. The History of Science and the New Humanism. Harvard Univers- 
ity Press (U) 

SARTON. The Study of the History of Science. Harvard University Press (U) 

SHERWOOD TAYLOR. Science Past and Present. Heinemann (G) 

SHERWOOD TAYLOR. The Century of Science, Heinemann (G) 

SINGER. A Short History of Science. Oxford University Press (G) 

Various Authors. The History of Science.$ Cohen & West (G) 

WIGHTMAN. The Growth of Scientific Ideas. Yale University Press (U) 


2. GENERAL 


Basic Science Education Series. Row, Peterson (U) 
Encyclopédie per l'image (Série). Hachette (F) 
Isotype Colour Series. Max Parrish (G) 

La Joie de connaítre (Série). Bourrelier (F) 

Life and Science Series. Methuen (G) 


, 19 Avenue Kléber, 
Paris XVI, France. B» 
t A symposium on the origins and results of the scientific revolution. 
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New Playbooks of Science Series. Oxford University Press (G) 

Oxford Visual Series. Oxford University Press (G) 

Science on the March Series. Longmans (G) 

Simple Science in Simple English Series. Oxford Unjversity Press (G) 

The Wonderworld of Science Series. Scribners (U) 

Understanding our World Series. Winston (U) 

Visual Science Series. Max Parrish (G) 

ANDRADE & HUXLEY. Simple Science. Blackwell (G) 

ANDRADE & HUXLEY. More Simple Science. Blackwell (G) 

BALDWIN. The Face of the Moon. Chicago University Press (U) 

BARNARD & EDWARDS. Basic Science. Macmillan (U) 

BAXTER. Scientists against Time. Little, Brown (U) 

BEAUCHAMP & others. Everyday Problems in Science. Scott-Foresman (U) 

BEET. The Sky and its Mysteries. Bell (G) 

BENEDICT. Electronics for Young People. McGraw-Hill (U) 

BURNETT & others. New World of Science. Silver Burdett (U) 

BURNS. First Steps in Astronomy. Ginn (U) 

CARROLL. Interpreting Science. Winston (U) 

соскскоғт. The Development and Future of Nuclear Energy. Oxford 
University Press (G) 

copiste. Modern Wonderbook of Trains and Railways. Winston (U) 

CURTIS & MALLINSON. Science in Daily Life. Ginn (U) 

DANIEL, General Science for Tropical Schools (4 volumes an 
handbook). Oxford University Press (Gi 

DAVIDSON. From Atoms to Stars. Hutchinson (G) 

DUNSHEATH. The Electric Current. Bell (G) 

EBY. The Physical Sciences. Ginn (U) 

FREEMAN. Invitation to Experiment. Dutton (U) 

GRANDPERRIN & GUYET. Sciences appliquées e 
Colin (F) 

HARGREAVES. The Size of the Universe. Penguin (G) 

HARTRIDGE. Colours and How We See Them. Bell (G) 

HAWLEY. Seeing the Invisible. Кпо (U) 

HOYLE. The Nature of the Universe. Blackwell (G) 

HUNTER & WHITMAN. Doorways to Science. American Book Co. (U) 

Jones. Life on Other Worlds. English Universities Press (G) 

KIMBLE. The Weather. Penguin (G) E 

KRAUskorr. Fundamentals of Physical Science. McGraw-Hill (U) 

LADYMAN. About a Motor Car. Penguin (G) 

LAZERGES. Sciences d'observation. Colin (F) 

LEWELLEN. You and Atomic Energy. Children's Press (U) 

MANN & Pirie. The Science of Seeing. Penguin (G) 

MERRIMAN. Achievements of Modern Science. Gregg (G) 

OBOURN & others. Science in Everyday Life. Van Nostrand (U) 

oBRE. Sciences naturelles. Hatchette (F) 

ORIEUX. Sciences d'observation. Hachette (F) 

PENDRAY. Men, Mirrors and Stars. Harper (U) 


d teacher's 


t Travaux Pratiques. 
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ig People's Book of Atomic Energy. McBride (U) 

па Machines and How They Work. McGraw-Hill (U) 
scnocore. Foundations of Wireless. Ii£e (G) 

sipGwiIck. Introducing Astronomy. Faber & Faber (С) І 
SKILLING & RICHARDSON. Astronomy for Beginners. McGraw-Hill (О) 
SMART. Astronomy. Oxford University Press (G) 

SMART. The Origin of the Earth. Cambridge University Press (G) 
sMITH. Gas Turbines and Jet Propulsion for Aircraft. Aircraft Books (U) 
sMITH & others. Science for Modern Living. Lippincott (U) 

SMITH & VANCE. Science for Everyday Use. Lippincott (U) 

STARR. First Book of Meteorology. Harrap (G) 

STOWE & others. Discovering Mechanics. Longmans (G) 

TOURAINE. Eléments de Sciences Physiques et Naturelles, Istta (F) 2 
Various authors. Boys’ Book of Science and Invention. Evans Bros. (С) 
Various authors. Internal Combustioh Engines. Odhams (G) 

Various authors. Miracles of Inventien and Discovery. Odhams (G) 
VEALE & ‘WREN’. How "Planes Fly. Penguin (С) 

WHITEHOUSE & PRITCHARD. General Science (3 volumes). Oxford University 

Press (G) ч 
woop. Physical Basis of Music. Cambridge University Press (G) 
YATES. А Boy and a Battery. Harper (О) 


3. LABORATORIES, APPARATUS, MODELS 


ANSLEY. Introduction to Laboratory Technique. Macmillan (G) 

BARKER & CHAPMAN. Workshop Practice for the School and Laboratory. 
Sidgwick & Jackson (G) 

BASSETT-LOWKE & MANN. Marvellous Models. Penguin (С) 

BEAUCHAMP & others. A Study Book—for Everyday Problems in Science. 
Scott-Foresman (U) 

BLACKWOOD. Experiences in Science. Harcourt, Brace (U) 

CARROLL. Workbook—for Understanding Our World. Winston (U) 

CUNDY & ROLLETT. Mathematical Models. Oxford University Press (G) 

DUCKWORTH & HARRIES. The Laboratory Workshop. Bell (G) 

GOHM & PATTERSON. Electric Models from Odds and Ends. Penguin (G) 

KAYE & LaBy. Physical and Chemical Constants. Longmans (С) 

LANG. Laboratory and Workshop Notes. Arnold (G) 

LLOWARCH. Practical Physics. Longmans (G) 

LYNDE. Science Experiences with Home Equipment. International Text- 
book (U) 

MEISTER & others. Workbook—for The Wonderworld of Science. Scribners 
(U) 

MONOHAN. Laboratory Layouts for the High School Sciences. Office of 
Education, Washington (U) 

National Science Teachers’ Association. School Facilities for Science 
Education. N.S.T.A. (U) 

NOKES. Demonstrations in Modern Physics. Heinemann (С) 


| 
| 
| 
| 
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NOKES. Modern Glass Working. Heinemann (С) 

PARISH. Simple Working Models of Electrical Apparatus. Wheaton (G) 

RICHARDSON & CAHOON. Methods and Materials for Teaching General and 
Physical Science. McGraw-Hill (U) » 

Science Masters’ Association. The Science Masters’ Book (Parts 1 of Series 
Тапа II, and Parts 1 and 4 of Series Ш). Murray (G) 

STEPHENSON. Suggestions for Science Teachers in Devastated Countries. 
Unesco (See.footnote on page 114) 

SUTTON. Demonstration Experiments in Physics. McGrawHill (U) 

THORPE. The Faraday Books of Practical °Science. Oxford University 
Press (G) 

Various authors. Safeguards in the Laboratory. Murray (G) 

Various authors. Science Facilities for Secondary Schools. Federal 
Security Agency (U) P 

Various authors. Science Teaching Techniques, 1, II, III, IV. Murray (С) 

Various authors. The Construction of Laboratory Apparatus for Schools 
(Portfolios I and II). Unesco. " 

о 


4. TEACHING METHOD, etc. 


BLOUGH & BLACKWOOD. Science Teaching in Rural and Small Town Schools. 
Office of Education, Washington (U) , 
BLOUGH,& BLACKWOOD. Teaching Elementary 
Washington (U) 
CONANT. On Understanding Science. Yale University Press (U) 
CONANT. Science and Common Sense. Harvard University Press (U) 


Dewey. How We Think. Heath (U) : T d 

DOWNING. An Introduction to the Teaching of Science. Chicago University 
Press (U) 

GOODIER & GHEY. Electromagnetism. Murray (С). 

HEISS & others. Modern Science Teaching. Macmillan (U) 

HOFF. Secondary School Science Teaching. Blakiston (U) ; 

HuMBY & JAMES. Science and Education. Cambridge University Press (G) 

HUNTER. Science Teaching at Junior and Senior High School Levels. 


American Book Co. (U) ; 
MAGIE. Demonstration Experiments in Physics. McGraw-Hill (U) 


MAGIE. Sourcebook in Physics. McGraw-Hill (U) | 
National Society for the Study of Education. А Program for Teaching 

Science. Chicago University Press (U) 
National Society for the Study of Education. 

Schools. Chicago University Press (U) 
NORTON. Star Atlas. Gall & Inglis (G) 
NUNN. Handbook for Science Teachers. Murray (G) 


POWERS & LAYTON. Teaching Science. McGraw-Hill (U) | 
PRESTON. The High School Science Teacher and His Work. McGraw-Hill (U) 


Progressive Education Association. Science in General Education. 
Appleton-Century (U) 


Science. Office of Education, 


Science Education in American 
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ientific Method. Harcourt, Brace (U) 
EU ав. Science Books for a School Library. Murray 
usd Masters’ Association. Secondary Modern Science Teaching. 

Murray (G) m | y . А 
Science Masters’ Association. The Teaching of Electricity with special 
reference to the use of M.K.S. units. Murray (G) 
Science Masters' Association. The Teaching of General Science, Murray (G) 
Science Masters Association and I.A.A.M. The Teaching of Science in 
Secondary Schools. Миїтау (G) Р 
SHELTON. Theory and Practice of General Science. Murby (С) 
Twiss. Principles of Science Teaching. Macmillan (U) 
uvarov. A Dictionary of Science. Penguin (С) 
WESTAWAY. Science Teaching. Blackie (G) 


5. PERIODICALS 


Courier (many languages),* Science Education (U) 

Discovery (G) Science et Vie (F) 

Meccano Magazine (G) Science Review—Penguin t (С) 
Model Engineering (G) Science Teaching Techniques t (G) 
Popular Science Monthly (U) The School Science Review (G) 


Revue Scientifique (F) i The Science^Teacher (U) 
School Science & Mathematics (U) 


Note.—Science teachers should always be on the alert for the publication 


of suitable books in the pupils’ mother tongue, and of reference books 
particularly appropriate to their own region. 


* Unesco, Paris. 
T Published at irregular intervals. 


[] 


APPENDIX C 
An Example of a ‘Project’ in Electricity 


(The following details are taken from Chapter VI of Volume VII of the 
present series, The Teaching of General Sgience in Tropical Secondary 
Schools.) ? 

‘The “project” method has various advantages. (a) It will tend, provided 
the theme has been wisely chosen,,to focus attention on matters of interest 
{оће pupil, of use to the community and of scientific importance. The 
interest is spontaneous, not due to ;deliberate effort on the part of the 
teacher. (b) Tasks are provided, within the framework of the same scheme, 
for pupils of different tastes and aptitudes. (c) Scientists, in common with 
other people, have a tendency to view their problems from the standpoint 
of their own interests. A project helps to widen the mental horizon of the 
pupil. He begins to see that many other matters, besides those of purely 
scientific interest, are involved when scientific knowledge is used to 
benefit a community. Local habits and prejudices have to be overcome: 
individuals, families, tribes and communities may even have to give up 
their long-established claims to land and natural resources. If these per- 
sonal and community affairs are ignored, if attempts are made to ride 
rough-shod over local habits and prejudices, the most costly schemes, 
inaugurated with the best intentions, may fail in their purpose. Members 
of a community must be persuaded to co-operate in the application of new 
and improved methods. Their mental horizons must be widened, so that 


they may be prepared to agree to the sacrifices and adjustments that large- 
scale schemes usually involve. The school is the natural place in which 
is involved in the appli- 


to begin to enlighten the community as to what 1 ) 
Cation of scientific methods. . . . Planning and carrying out “units” and 
‘projects’ *involves more work on the part of the teacher... - Natural 
lassitude and indolence can soon overcome original enthusiasm. The 
teacher should be alert and well-informed. He should be constantly accu- 
mulating a collection of teaching material in the form of papers, illustra- 
tions, articles, reports, and exhibits. He must be able to direct his pupils 
to the information they seek. He must co-operate with the other teachers 
in the school, so that all the work of the class may be co-ordinated and 
Correlated. And when a unit of work has been completed, he should be 
capable of displaying the material adequately for inspection by other 
Classes or by the public: so that with some explanation the lessons to be 
drawn from the task may be understood even by those who are illiterate. 

‘Some diffident teachers, aware of their ignorance (a very healthy state 
of mind) of the by-ways of knowledge into which the method is apt to 
lead, fear to stray outside the well-defined subject matter of the accustomed 
text-books. They must be encouraged in two Ways. School authorities 
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should understand that suitable illustrated science magazines, teachers’ 
journals, visual aids and the like, are as much a part of class apparatus as 
blackboard and chalk. Then the teachers themselves need reminding 
that their function is tô teach, and that the lessons of one who has himself 
ceased to learn are likely to be dull and ineffective. Teachers are not 
required, except by the ignorant, to be walking encyclopaedias. A teacher’s 
ability soon comes to be respected by his class, and his “‘prestige’”’ to be 
enhanced, when he admits that he does not know all the answers, but 
proves that he is expert at finding them out. . 

‘The whole of a syllabus, especially for the more advanced classes, cannot 
well be included in a collection of projects or units. Class time is usually 
not sufficient, and there must be a certain amovat of formal instruction 
to fill the gaps. The pupil should be familiar with some scientific data rot 
readily included in such schemes, ard yet essential in any course which 
aims at providing a rational system of knowledge." 


€ 
EXAMPLE; A HYDRO-ELECTRIC SCHEME * 


The teacher's guide Pupils’ activities 


Lessons on electromagnetic induction | Making model electric motor 
° 


Visit to electrie generating station 
à Making a chart of local supply, (if any) 
Drawing map to show situation of 
industrial plants (if any) with main 


cables; areas inadequately supplied 
Advantages of electricity: | q J SUPP! 


Light easily switched on or off, not | 
blown out by the wind like oil-lamps 
and candles; 
Clean, no smoke or fumes; safe, no 
naked flames; М 
Numerous uses—refrigerators List of uses to be developed during 
lathes discussion in class 
drills 
saws | 
printing machinery, 
etc. 


Sources of power 


The teacher's guide Pupils’ activities 


What drives the dynamos? 


f es of electrical machin- 
тот magazines, trade journals, 
Power from engines driven by petrol Со; Spapers and advertisements 


Collecting pictur 


m 

огой piling scrap-books 

Power from steam-engines—usin, А . 
Coke; neat, élè. coal, | Study of local maps showing mineral 


resources 
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Sources of power—(cont.) 


° | 
The teacher's guide | 


Pupils’ activities 
2 


Are local supplies of these fuels avail- | 
able, or are they all imported? | 

What other sources of power are 
there?— | 
Wind, tides, water | 

Cost of natural power nothing, but | 
dams, “machinery, etc., are very 
expensive 

Are any large-scale schemes in opera- 
tion elsewhere? е E 


à» 


4 


Description of loca] examples 
Making model water-wheel and wind- 
mill 
Consulting geographical magazines, 
" books of popular science and engin- 
eering, books on special schemes, 
etc. 


2 


5 


The proposed local scheme 


Where is it to be? 
Why? ^ 


E 
How far from main towns and indus- 
trial plants? 


Is water supply likely to be constant 
throughout the year? 
One or two monsoons? 
Rainy seasons? 
River source in snow-capped moun- 
tains? 
Why is the last an advantage? 
Must any villages be evacuated? 
What plans are there for new villages 
or lands for inhabitants? 
Is it proposed to use some of the water | 
for irrigation? 


What crops are to be grown? Are these 
for home use or for export? 


How many more families will the new 


areas support? 


Preparation of: А 

(а) small-scale maps showing— 
Course of river, proposed site, 
distances from important towns, 

etc. 

(b) large-scale maps showing— 
contours f | 
area for proposed artificial lake, if 

any 
rainfall 


(c) large-scale map of proposed lake 
on squared paper; , 
calculation of approximate area 


Examining Government reports, etc., 
to find what food, if any, is imported 
or exported 
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Industeies 


° 
The teacher's guide | Pupils’ activities 


(A hydro-electric scheme is so costly that unless it can produce a great amount 
of current for profitable use it will be a waste of money.) 


° 


What towns might: be supplied? | А ] 
Are there proposals for developing new Reading of newspapers, Government 


industries? | publications, etc., on the/subject 
What industries? | x 
Are there local raw materials? | Writing a summary of the arguments 

| efor and against the scheme 

Will there be a demand for the pro- | e 

ducts? 4 
Can they be made at a reasonable 

price? i 

4 е 
Transport 

How are these products to be trans- | 

ported— 

to other parts of the country? ^ e 


to markets outside the country? | 
Is proposed site easy of access? Moun- | Suggesting on a relief map a route for 


tains, rivers to be crossed? | a new road or railway 
What roads, railways, water-ways | 


exist? | 
What roads or railways must be built? | Explaining the choice of route 


Will new ports or docks have to be | Construction of models 
constructed? 


Materials needed 


For railways: С Detailed lists to be developed during 
Rails, sleepers or ties discussion in class 
Locomotives, wagons | 

For roads: 
Trucks and cars 

For docks: 
Tugs and barges 
Water supply 
Coal or oil fuel supplies 
Cranes, etc. 

For making all these: steel, timber, tar, | Collecting pictures of heavy machines 
cement, cement-mixing machines, at work 
excavators, bull-dozers, cranes, etc. | Construction of models 
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The many people employed 


The teacher's guide 


What will they need?— 
Houses 
Food 
Schools 
Hospital 
Bank 9% 


Men required include: " 

Railway engineers ы ° 

Dock engineers 

Road engineers 

Building contractors 

Water engineers 

Mechanical engineers 

Electrical engineers 

Skilled craftsmen in all trades— 
plumbers, fitters, electricians, 
mechanics, masons, carpenters 

Labourers 

Shopkeepers 

Teachers 

Doctors and nurses 

Clerks,°overseers 


Electrical machinery 
Pylons and wire cables 
Distribution gear 
Transformers 


Pupils’ activities 


Listing of the equipment and furniture 
| inthe class-room and estimating their 
cost E] 
Visit to Jocal hospital—the doctor can 
be asked to show stores and equip- 
ment 


Obtain list during class discussion 


° П 


> 
Consult books, articles, pictures, films, 


etc.” 
> 


Visits to or from engineers; inquiries 
about their work 


B 


Special machinery required 


Technical matters 


How is current carried? 
Lessons on conductors and non-con- 
ductors; Ohm's law 
Why does current not leak away? 
Non-conductors and insulators 
What size cables? 
Lesson on voltages 
Use of transformers 
ow much current? 
Meaning of ‘watts’ 
Is electricity dangerous? 2 
Precautions in use of electricity in 
houses 
Earthing a wiring system 
Three-pin plugs 


Various exercises involving simple cal- 
culations 


Collecting various types of insulators 


| Calculating amount of current used in 
a house, or school, and its cost 

Preparing a list of instructions and 
warnings that should be given to 
anyone in whose house electricity is 
installed 
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Econo:nics 


The teacher's guide | Pupils’ activities 


What is the expected cost of the 

scheme? Discussion: 
Where is the money to be found? How does a country manage to— 

= | (а) save money? 
r e (b) borrow money? " 

Money to be saved, raised by addi- 1 

tional taxation; how? 
Examination of Government's annual Finding ot details of Government 

budget "loans and Savings Banks: rates of 

interest 

Discussing whether pupils would be 

| prepared to lend money if they had 


| ay 


Note.—Models are often an important and instructive feature of a ‘project’. It 
should be remembered that the emphasis must lie op the scientific principles 
involved rather than on technical details. This means that models can often be 
constructed simply, as they sliould be, by pupils at this stage of schooling. 


———— 
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Materials and Tools for Making Simple Apparatus 
(see Chapter XI, page 117) 


J I—MATERIALS 
It is useful to have the following items in stock. 
Wood: A few lengths of $^, 4", 2", 1” width, thickness 4” to 3". 
Ы (Boxes and packing cases, if the wood is not too rough, 
are useful sources ef supply.) 
Plywood, if obtainable; otherwise }” ‘hardboard’; in small 
sheets. 
Metals: Sheet brass, 24 S.W.G.; also some 4” brass blanks. 
Strip iron 3^ x +”. Ы 
Copper tubing, 4” internal diameter, as used for automo- 
bile petrol pipes. 
Copper sheet, about S.W.G. 24. 
Tin-plate, which can mostly be obtained from empty tin 
e cans; sometimes flat sheets are required, however. 
Wire: Soft iron wire, 22 S.W.G. — ' 
Piano-wire, 22 S. W.G. 
Copper wire, double cotton covered (D.C.C.), 20 S. W.G. 
Copper wire, bare or tinned, 20 and 16 S. W.G. 
‘Resistance’ wire (e.g. ‘eureka’, or ‘constantan’), bare, 
28 S.W.G. 
Nickel-chrome wire (as used in electric fires), 


S.W.G. 
Twin-flex (plastic, not rubber, covered), and 3-core cable 


(@- а mains supply with a third, earthed, lead is 
available). 
Glass: Glass tubing, about 7 mm. external diameter. 
Wide glass tube, 1^ external diameter. 
Glass rod, about 5 mm. diameter. 
Window glass, ordinary, flat. 
Rubber tubing: Bunsen tubing. 
Rubber tubing for connexions, 
diameter. 
Rubber pressure tubing, 6 mm. internal diameter. 
(Rubber soon perishes in hot climates; tubes made of some plastic ma- 
terials last longer but have not the elastic properties of rubber. However, 
new materials, e.g. ‘neoprine’ and ‘p.v.c.’ (polyvinyl chloride), which are 
both durable and elastic, are now available.) 
T.P.—AA 


bare, 28 


say 6 mm. internal 
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Insulating *Tufnol sheet, 1^ thickness. 4 р: 
materials: ‘Tufnol’ rod, 4” diameter (or ‘Perspex’, which is trans- 
parent). s 


(Ebonite is now largely superseded by less brittle insulating materials 
such as ‘Tufnol’, *Paxolin' and other commercial products. They should 
be used instead of wood: (а) when a thinner, tougher insulating material 
is required; or (5) when really good insulation must be provided, e.g. for 
the stem of an electroscope.) 5 
Wood-screws: Small brass, say $^, 1^, 3”, 1”, all No. 4. Some counter- 
sunk, some round-headed. * 
Steel, countersunk, say §” No. 4, à" No. 6, 1” No. 7, 
13^ No. 8. Round-headed, $^ No. 4, 3^ No. 6. 
Nails: A small quantity of 1^, 14”, 2” round nails, and a‘ few 
1" and 2" oval brads; also panel pins J^ and 3’. 
Bolts, nuts, 
washers: Brass, 2, 4, 6 B.A. threads. 


A few other assorted bolts and nuts, e.g. iron ‘carriage bolts’. 


Spring clips: ‘Terry’s’, to hold tubes; assorted sizes from 000 (4”) to 
5 (13^), with screws. 

Various: Shellac varnish. Gum (for sticking paper). Adhesive (e.g. 
glue, ‘Durofix’). Paint (dead black, white and alumin- 
ium), and brushes. Paraffin wax (or candles)., Sealing 
wax. Cotton, thread and string. Sticky tape and trans- 
parent paper. Clips for rubber tubing. Paper-clips 
(Bulldog or ‘Waverley’ type). Drawing pins. Pins of 
the 2” variety known as ‘blanket pins’. Rubber bands. 
Insulating tape. 

Note.—Large quantities should not be bought at first. It is better to see 

what materials are constantly used and to order larger amounts of these 

later. Other items and sizes have to be ordered as required. It is important 
to make a collection of tin cans, pieces of wood and metal, and anything 
else that may prove useful: in fact, to collect a real ‘junk-box’! 


II—TOOLS 
A minimum list: 1 Callipers, inside and out- 
side 
lset Borers, cork 1 Case opener, Steel, for 
1 Brace, carpenter’s, with 


opening crates 


ratchet Chisel, cold 


lset Centre bits and auger Dividers, steel 

lset Bits, for use with brace Drill, hand, 3-jaw chuck 
(say 6 bits from 3^ to Set Twist drills for use with 
14”) Previous item 

Emery cloth or paper 


Pee 


N 


Bradawls, different sizes 
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II—TOOLS (cont.) 


lset Files, assorted: triangular, o 4 Screwdrivers, assorted 
flat, round sizes 
2 Gimlets, different sizes 2 pairs Shears, tinsmith's, different 
1 Hacksaw frame sizes 
12 Hacksaw blades for pre- 2 Soldering irons, 1 large, 1 
vious item small; or better 1 large 
2 Hammers, different sizes ordinary and 1 small 
1 Oil-can ` ə electrically heated (if 
Bitycle oil (in tin or bottle) mains supply available) 
Petroleum jelly or 'Vase- Solder and flux for previous 
line’ (in tin orjar) = item 


2 pairs Pliers, electrical, different 1 set Spanners 


sizes 9.1 Spirit level 
1 Punch, centre $4 Square, steel or try 
2 Rasps, wood 1 Trimming knife, with spare 
2 Rules, steel, 6” and 12” . blades 
Sandpaper, various grades 1 Yice, ‘mechanic’s’ or 'auto- 
1 Saw, hand, 24" mobile’, 4” jaws, fibre 
1 Saw, tenon, 12” grips. 


Note.—No wood-chisels are included; unless these are kept sharp and in 
constant; use, they soon become rusty and blunt. The 'trimming knife* 
effectively replaces them, and new blades can be inserted into the handle 
whenever required. Chisels, jack-planes and spoke-shaves, together with 
oilstones for sharpening, may be added later. The vice is the only large 
piece of equipment that may be regarded as essential. Another large item 
that may be acquired later is an electrically-driven bench-drill.) 


For glass-work * the laboratory requires: 
An asbestos sheet, or asbestos board, about 1 yard square to fit on a 


bench top. 
A blowpipe f and foot-bellows. É 7 
A ‘fish-tail’ or ‘batswing’ burner,t for bending tubing. 
Tongs for holding tubing. 


Small triangular files; or better, glass-knives, for cutting tubing. (Large 


size tubing is best cut by making a scratch all round and cracking 
along the scratch by means of a red-hot wire.) 

A conical piece of gas-carbon, or a triangular piece of sheet copper fixed 
in a handle, for opening out the end of a glass tube after softening 


(‘bordering’). 


A glass-cutter, of the wheel or diamond type, for flat glass sheet. 


* An excellent book on the technique of simple glass-working is: Modern Glass 


Working, M. C. Nokes, (Heinemann). 
t These items must be of a type suitable for the gas supply. (Coal-gas types are 
useless for ‘petrol-air’ gas, for example. 
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Materials and Apparatus for the Teaching of Physics 


I—MATERIALS POSSIBLY OBTAINABLE LOCALLY * 


2 quires Cartridge drawing paper 
1 quire Squared paper 
2 quires Brown paper, stiff quality 
2 quires Blotting paper, white 
1 теат Foolscap, plain white, highly glazed, best quality 
4 quires Cardboard, brown, thick 
1 quire Cardboard, white, medium 
X doz. Teachers’ note-books 
4 doz. File covers 
doz. Bottles, Ink, Indian waterproof, black 
20nly Bottles, Gum, good quality 
lonly Bottle, Paste 
lonly Box, Pins, brass 
lonly Box, Drawing pins, brass 


В] 


t 


l only Reel, Cotton thread, strong 

1 only Reel, Thread, very strong 

l only Ball, Twine, strong 

1 only Ball, String, thin 

1 only Ball, String, thick, strong, good quality 
10 yards Tape, white, + in. 
50 feet Rope, + in. 

2 only Towels, hand, rough 

4 doz. Glass cloths 
4 doz, Swabs (string or other cheap dusters) 


2 Ib. Varnish, clear, colourless, in 1 Ib. tins 
1 lb. Paint, black, 1 Ib. tin 
1 Ib. Paint, white, 1 Ib. tin 
1 Ib. Paint, aluminium, 1 lb. tin 
4 doz. Paint brushes, assorted 
2 Ib. Glue, best quality 
1 Ib. Grease, lubricating, 1 Ib. tin 
2 gals. Kerosene 
4 pint Lubricating oil, thin 
1 pint Lubricating oil, engine 
lonly Tin, Polish for brass 


* Some of these have been mentioned in Appendix D. 
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lonly Tin, Polish for silver 
lonly Tin, Scouring agent, mild abrasive 
4doz. Bars, Soap, white о 


lonly Stove, ‘Primus’ type, 2-pint size 
lonly Repair outfit for previous item 


lonly Sweeping brush 
20nly Scrubbing brushes é 
3 doz. Brooms, local type ° 
1 only Bucket, 1 gall. 
lonly Bucket, 2 gall. 
20nly Bowls, enamel, about 29 in. diameter and 6 in. depth 
1 döz. Dishes, enamel, rectangular, about 9 x 6 in. 
l only Scissors, rustless, strong, 8 in. 
1 Ib. Candles, large E 
2 опу Football bladders 
lonly Inner tabe, bicycle tyre, with vaive 
lonly Bicycle pump 
lonly Football pump 


L] 


lonly Packet, Matches 
3 Ib. Salt o е 
31b. © Sugar ° 


к=. Accumulators (automobile), as required 
2doz. Dry cells (torch batteries) 
lonly Electric torch 


1 oz. Fuse wire (5 amp.) 
1 oz. Fuse wire (15 amp.) 
= Lamps (stock of (i) mains type, voltage to suit mains supply; 


(ii) automobile type, 6 or 12 volts, to suit low-tension or 
accumulator supply; (iii) flashlamp bulbs, 2 volts) 

= Model: mains lighting circuits—fuses, switches, lamp-holders, 
distribution boxes, etc. (made from locally-purchased com- 


ponents) 
1 doz. Diodes and triodes, battery type 


(Provided the filaments are intact, obsolete stock sold cheaply 
is quite suitable. Triodes or multi-electrode valves can be 


used as diodes by connecting all electrodes (except the filament 
id. Valve holders for these 


of course), externally, to the gri 
valves are also required.) 


2 only High tension batteries, 60 volts 


be collected locally: e.g. 
kerosene and smaller tins. 
an gravel, white sand, 


Note.—A variety of useful containers can often 
local pottery, glass or stoneware jars and bottles, 
Similarly, materials such as small pebbles, cle: 
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charcoal, coal, petrol, palm-oil, can often be obtained. Useful scrap = 
sometimes be obtained from commercial firms, technical € E 
etc.: e.g. car headlamp -reflectors, telephones, telephone generators, 
magnets, electrical instruments, gear wheels, etc. 


II—LABORATORY APPARATUS 


Much of the apparatus listed here may have to be imported from overseas 
sources. - M 
The suggested quantities have been estimated upon the assumptions: " 
(i) That there is only one Physics laboratory, so that apparatus is use 
by only one class at a time. If two classes are working at the same time, 
then amounts of common apparatus, such as glass-ware, tubing, 
balances, etc., have to be increased by, say, 50 per cent.; but larger 
and more expensive apparatus can be used by each class in turn. 
(ii) That, in the junior and middle: school (the standards represented by 
syllabuses ‘A’ and ‘B’, pages 227-90), classes consist of 30 pupils. 
(iii) That pre-university classes have not more than 15 pupils; and that a 


rota system (Chapter IX) is in use, the more expensive pieces of 
apparatus being used by pupils in turn. 


Note.—The items starred (*) consist of the large and more expensive 
pieces of apparatus that may be collected as money becomes available. 


‚ (а) GENERAL 


1 doz. Bottles, Winchester quart (or 3-litre), with stopper 
1 doz. Bottles, 8 oz. narrow mouth, with stopper 
1 doz. Bottles, 4 oz. wide mouth, with stopper 

doz. Beakers, resistance glass, Squat pattern, 1,000 c.c. 
l doz. do. 500 c.c. 
4 doz. do. 250 c.c. 
2 doz. do. 100 c.c. 
1 doz. 


Beakers, resistance glass, tall pattern, 500 c.c. 
1 doz. Bottles, 12 oz., bakelite screw caps 
doz.. Flasks, flat bottom, 1,000 с.с. 


2 doz. do. 500 c.c, 
1 doz. do. 250 с.с. 
doz. Flasks, round bottom, 1,000 с.с. 
1 doz. do. 500 с.с. 
2 only Flasks, conical, 1,000 c.c. 
4 doz. do. 500 с.с. 
1 doz. do. 250 c.c. 
І doz. do. 100 с.с. 


4doz. Flasks, distilling, 500 c.c. 


3 doz. Measuring cylinders, tall with lip, school quality, 100 c.c. 
1 only do. 500 с.с. 
1 only do 1,000 c.c. 
4 doz. 


Burettes, straight stopcock, school quality, 50 x 1/10 c.c. 


з 
MATERIALS AND APPARATUS FOR THE TEACHING OF PHYSICS 


2 doz. Pipettes, with safety bulb, one mark, 20 c.c. 
doz. Funnels, plain glass, 2} cm. diameter 

1 doz. do. 74 em. diameter 

2 only do. 124 cm. diameter 2 

2 only do. 20 cm. diameter 

1 doz. Gas-jars, with ground flange 10 x 2in. 

2 only Condensers, Liebig, straight, 18 in. 

2 gross Test-tubes, school quality, 5 x $ in. 

4 gross ' do. 6 x lin. Е 
doz. „3-way T-tube, 35 х 7 mm. 2 


4doz. ^3-way Y-tube, 35 x 7 mm. 
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only BDesiccators, 10 in. 

only Filter pump, metal ø 

Ib. Glass rods, soft soda, 3 mm. diameter 

Ib. do. 5 min. diameter 

Ib. do. 7 mm. diameter 

Ib. "Thermometer tubing, soft soda glass, internal diameter 4mm. 
Ib. E do. ? ] mm. 
lb. do. d 15 тт. 
Ib. do. 2 mm. 
Ib. do. 21 mm. 
Ib. Glass tubing, soft soda, good quality, external diameter 3 mm. 
Ib. e do. » 4 mm. 
lb. o do. " 6 mm. 
Ib. do. 9 mm. 
lb. do. 16 mm. 
lb. do. 30 mm. 


doz. Evaporating basins, porcelain, school quality, 100 c.c. 
only Aspirators, with tubulure, stoneware, 3-gallon 
only Jars, stoneware, with lids, 40 oz. 


4doz. Mortar and pestle, porcelain, 50 c.c. 


doz. Iron wire gauze, asbestos centre, 4 x 4in. 
doz. do. 6 x 6in. 
doz. Tripod stands, iron, 7 x Sin. 

doz. Retort stands, 24 in., 9 x 6 in. 


doz. Laboratory clamps, | in., and boss heads 
doz. do. 24 in., and boss heads 


4doz. Crucible tongs, nickel 
4doz. Spatulas, nickel, 20 cm., one end turned up 


only Knife, glass-cutting 

only Knife, cork-cutting 

only Cork-borers, set of 12, nickel- 
handle 

only Cork-borer sharpener 

doz. Burette, clips, Mohr's, medium size 

doz. Screw clips, nickel-plated, 1 in. 


4doz. Burette stands, with clamp for one burette 


plated, each borer with own 
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1 doz. 
1 doz. 

3 doz. 
1 only 
2 doz. 
1 only 


N 
o 
B. 
< 


4 doz. 
only 
only 
doz. 
doz. 
doz. 
doz. 
doz. 
doz. 
doz. 
doz, 
doz. 
doz. 

4 doz. 

4 doz. 

4 doz. 

4 doz. 

4 doz. 

4 doz. 

4 doz. 

4 doz. 

4 doz. 

4 doz. 

4 doz. 

4 doz. 

4 doz. 

4 doz. 

4 doz. 

4 doz. 

4 doz. 
4 doz. 
3 doz. 
4 doz. 
4 doz. 
4 doz. 
4 doz. 

1 doz. 

1 doz. 

1 doz. 

1 doz. 
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Test-tube brushes 

Bottle brushes 

Brushes, long, for glass tubés 

Blowpipe on stand, for working glass (to suit specified gas-supply) 
Bunsen burners (to suit specified gas-supply) 

Foot-bellows, steady air-pressure type 

Rubber circles, 12 in., spares for previous item 

Test-tube holders, wooden handle н 

Fire extinguisher (carbon dioxide foam type) 

Trough, stoneware; diameter 40 cm., height 20 cm. 


Corks, diameter of narrow end $ in. ; 
do. lin, 
do. $ $in” а 
do. iin. 
do. 3 jin. 
do. è 1 in. 
do. 1} in. 
do, I4 in. 4 
до. 1} in. 
do. 13 in. 
Shives, diameter of narrow end 1$ in. 
do. 1} in. 
do. е 1 in. 
do. - 2 in. 
do. 24 in. 
do. 3 in. 
do. 4 in. 
Rubber bungs, squat, 2 holes, 4 in, 
do. solid, 4 in, 
do. 2 holes, 4; in. 
do. Solid, 4; in. 
do. 2 holes, $ in. 
do. solid, $ in. 
do. 2 holes, 4} in. 
do. solid, 3 in. 
do. 2 holes, 3. in. 
do. solid, 3 in, 
do. 2 holes, 38 in. 
do. Solid, 4 in, 
do. 2 holes, 3 in. н 
do. solid, 2 in. 
do. 2 holes, 45 in. 
do. solid, 35 in. 
do. 2 holes, 1 in. 
do. solid, 1 in. 
do. 2 holes, 13; іп, 


do. Solid, 135 in. 
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1 doz. 
1 doz. 
+ doz. 
4 doz. 
4 doz. 
3 doz. 
4 doz. 
4 doz. 
+ doz. 


4 doz. 9 


1 only 
10 feet 
20 feet 


boxes 
doz. 
dox. 
4 doz. 
only 


New 


N 


only 
only 
only 
only 
only 
only 
only 
X doz. 
doz. 
only 
only 
only 
doz. 
doz. 
only 
only 
4 doz. 
1 only 
2 doz. 
4 doz. 
1 only 
only 
only 
1 only 
1 only 


Nee ee ew 
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Rubber bungs, squat, 2 holes, 14 in. 


do. solid, 14 in. 
do. Pholes, 15 in. 
do. solid, 153; in. # 
do. 2 holes, 14 in. 
do. solid, 14 in. 
do. solid, 1$ in. 
& dol * solid, 14 in. 
do. solid, 1$ in. 
do. solid, 13 in. 


Bunsen burner tubing,* stout, 60-ft. coil 


Red rubber tubing,* stout, internal diameter + in. 
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Red rubber pressure tubing,* internal diameter ў; in., external 


diameter 4 in. 
Filter paper, school quality, 11 cm. 
Boxwood rules, grad. mm. and 4*; in., 1 m. 
do. im. 


Callipers (for inside and outside measurements) 


Calliper gauge, steel, inside and outside measurement, grad. 


mm. and 75 in. with vernier, 10 cm. 
Micrometer screw gauge, 0:01-10 mm. 
do. 0:001—$ in. 

Spherometer, reading to 0-005°mm. 
Hardwood solids, set, 2 х 2in. ə 
Glass cube, 1 in., or 2 cm. 
Metal cubes, set, 1 in., or 2 cm. 
Measures, enamelled steel, 20 oz. and c.c. 
Bucket and cylinder, brass 
Specific gravity bottles, 50 ml. 
Hydrometer, 0:7-1:0 

do. 1:0-2:0 

do. universal 
U-tubes, glass, 18 in. 
3-limbed tubes, glass, for Hare's apparatus 
Spirit level, 8 in. 

do. circular, diameter 2 in. 
Cartesian divers, glass 
Syringe, to show pressure in all directions 
India-rubber bladders 
Barometer tubes 
Mercury tray, 12 x 12 in. 
Air pump, portable Geryk type 
Plate, 7 in., for previous item 
Lift pump, " model, glass 
Force pump, model, glass 


* See Chapter XI, p. 119, and Appendix D, p. 347. 
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-j round flange, open at top, diameter 6 in., height 12 in. 
| m d RA do. SE diameter 7 in., height 10 in. 
3 only Jolly's air-bulb tube, glass 5 
lonly Magdeburg hemispheres, iron 
20nly Mercury reservoirs, stout glass 

*1 only Barometer, standard, Fortin type 
1 only Thermometer, mercury, wall type, ° C. and ° Е. 


1 only do. combined maximum and minimum 

1 only до. maximum, standard 

1 only do. minimum, standard 8 
1 only do. clinical 


lonly Hygrometer, standard wet-and-dry-bulb 
lonly Steel tape, 50 feet н 


*1 only Telescope, standard astronomical, х100 

lonly Stop-watch, +); sec. 

6 only Laboratory stop-clocks 

lonly T-Square, blackboard, 36 in. 

l only Set-square, blackboard, 45°, 12 in. d 

lonly Set-square, blackboard, 60°, 15 in. 

lonly Compasses, blackboard, chalk, 15 in. 

lonly Protractor, blackboard, 18 in. 

lonly Ruler, blackboard, 42 in., grad. iin. and 4 cm. 
12 only Balances, students’, brass beam, 250 gm- 
12 only Balance cases, for previous item 

3 only Laboratory scales, compression type, with dial, 2 Kilo. 
12 boxes Gram weights, 0:01 to 200 gm. 

3 only Weights, iron, set 2 to 14 b. 


3 only do. set 50 gm. to 5 Kilo. 
6 doz. Slotted weights, 0-1 Ib. 

1 doz. do. 0:05 Ib. 

2 doz. do. 0:02 Ib. 

1 doz. do. 0:01 1b. 


.2doz. Hangers, brass, for slotted weights 
lonly Spring balances, 50 x 4 Kilo. 


6 only do. 500 x 5 gm. 
12 only do. 100 x 1 gm. 
1 only do. 8 Ib. x 1 oz. 


(b) FOR MECHANICS 
2only Pulley block, single, brass, diameter 3 in. 


2 only do. double, brass, diameter 3 in. 

2 only do. triple, brass, diameter 3 in, 
12 only do. single, aluminium, diameter 14 in. 
24 only do. double, aluminium, diameter 14 in. 
24 only do. triple, aluminium, diameter 14 in. 
24 only do. 


single, aluminium, in bracket, diameter 1 in. 


mi a t Ою я 
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only Differential pulley block, Weston, 1 ton, 8 ft. 
doz. Pendulum balls, 1 cm. diameter 
only Springs, spiral extensión, 8 X Lin. 
only Springs, spiral, compression, assorted ə 
only Screw and nut model, large wooden 
only Inclined plane, with pulley 
only Tray to carry weights, for previous item 
only Groayed board, for acceleration experiments jn dynamics 
p Ball-bearings, assorted sizes, including two of 1} in. diameter 


for use with previous item — * 


*1 only’ Ballistic balance 
E: only Young's modulus apparatus \ Г 
2 ,only Apparatus for determining moment of inertia of a flywheel 
1’ only Apparatus for determining moment of inertia by torsion wire 
method i 
(c) FOR SOUND 
1 only Sonometer (monochord) a 
5 metres Steel wire, for monochord 
5 metres Steel wire, for monochord, thicker gauge 
5 metres Brass wire, for monochord 
5 metres Brass wire, for monochord, tpicker gauge , 
1 pair Reflectors, parabolic, nickel-silver, 35 cm. diameter, about 
7 cm. focal length R 
3 only Tuning-forks, nickel plated, sets of 4: С(256), E, б C(512) 
І only Metronome 
2 only Resonance tube apparatus 
1 only Kundt’s tube apparatus 
(d) FOR HEAT 
3 doz. Thermometers, — 10° to + 110? C. x 1° 
1 doz. do. — 5° to + 240 Е. x 1° 
t doz. do. ° to 400° С. ~~ А 
only Curved pipettes (for introduction of liquid drops into baro- 
meter tubes) 
1 only Hygrometer, Regnault, simple form 
2 doz. Calorimeters, copper, 3 X 14 in. y 
1 only Steam boiler, copper, with outlet and water-gauge, 2-litre 
1 only Metal cylinders, set of six different, each 100 gm. 
1 only Conductivity apparatus (different metal strips of equal length 


meeting at a central point) М 
only Conductivity apparatus (vessel with 6 tubulures and rods of 
different metals) f 
only Steam-engine, model, horizontal, 3-in. bore, 
only Steam-engine, model, vertical type 
only Babcock boiler, model, spirit burner, 60 Ib. pressure 


3-in. stroke 
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er wire gauze, 16-mesh i 
1 ie poss millboard, 4 x 4 x 1 in. 4 
X дох. Asbestos millboard, 12 x 12 x 3, in. 
X doz. Spirit lamps, brass | 
X4 doz. ‘Thermos’ flasks, cased, 1 pint 1 
*1 only Conductivity apparatus, Searle 5 . 
1 only Compound strip, copper-iron or Copper-invar А 
1 only ‘Bar-breaking’ apparatus, to show contraction on cooling 
1 only Apparatus, for determining coefficients of linear expansion 
+ ох. ]-tubes, for Boyle’s law experiment 
1 only Dulong and Petit absolute expansion apparatus * 
*1 only Mechanical equivalent of heat apparatus 
*1 only Constant flow calorimeter 
*1 only Sliding tube apparatus for law of pressures (Joly) 
*1 only Earthenware vessel (or 'carboy), large, for Clement and 
Desormes experiment + 
*1 only Thermopile 


g 


(e) FOR LIGHT 
3 doz. Mirrors, plane, 3 x 1 in. 
4 doz. do. 6 x 6 in. 
4doz. Mirrors, Concave, 5 cm. diameter, f = 15 cm. 
4 doz. do. 5 ст. diameter, f = 25 cm. 
4 doz. Mirrors, convex, 5 cm. diameter, f = 15 ст, 


1 only Mirror, cylindrical, concave, stainless steel, radius 3 in. (to 
show caustic curve) 


3 doz. Glass blocks, Tectangular, about 10 x 5 x 2 cm. 
3 only Glass Cubes, 5 cm. 


1 doz. Glass prisms, 60° 
doz. Lenses, double convex, 5 cm 


‹ 


- diameter, = 5 cm. 


1 doz. do. 5 cm. diameter, f — 10 cm. 
2 doz. do 5 cm. diameter, f = 15 cm. 
1 doz. do. 5 cm. diameter, f — 20 cm. 
4 doz. do. 5 cm. diameter, f — 50 cm. 
1 only Lenses, double concave, 5 cm. diameter, f — 10 cm. 
+ doz. do. 


5 cm. diameter, f — 20 cm. 
5 ст. diameter, f — 20 cm. 


; 5 ст. diameter, f = 20 ст, 
only Colour disks, set, Newton's 


1 

1 

1 

6 only Gelatine sheets (colour filters), set 2 х 2 іп., in glass 
1 only Model of eyeball 

1 


doz. Pins, stout blanket, 24 in. 
3 doz. Polishing cloths, optical glass type 
*1 only Spectrometer, students? 
*1 only Travelling microscope 


only Lens, plano-convex, 
only Lens, plano-concave. 


* This can easily be constructed. T Experiment С,20. 
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8 only 
16 only 


l only 
only 
only 
*1 only 

l only 


1 only, 
l only 


only 
only 
only 
only 
only 
only 
only 
doz. 
dez. 
only 
only 
only 
only 


ә 


= 
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4 doz. 

4 doz. 

4 doz. 
1 doz. 

3 doz. 
4 doz. 

3 doz. 
12 only 
І only 
1 only 


1 doz. 
only 
only 


” * Each box acts as two sources, 
Orking in pairs. 
See experiments C.39, 


Light-boxes, mains or low-voltage type * 

Sets of lens and mirror holders, and of screens (plane mirror 
on one side), for usé with light-boxes 

Demonstration ray-box,f complete with all accessories 

Light-meter (foot-candle meter) 


Sodium lamp with necessary resistor, etc. 
Ripple tank, for demonstration of properties of wave-motions 
Interference apparatus, set, for: (i) Young's or Fresnel's inter- 
ference experiments 1; (її) Newton's rings 
Diffraction grating for use with Spectrometer 
Polarization apparatus, set, e.g. tourmaline tongs, polaroid 
disks, calcite crystals, Nicol prism 
LJ 


(f) FOR MAGNETISM 


Lodestone " 
Magnets, horseshoe, 4 in. 
do. Баг, 8 in., cobalt steel 
do. Баг, 4 in., cobalt steel ^ 
do. cylindrical bar, ‘Alnico’, ‘Ticonal’ or similar, 3 x 4 in. 
do.  ball-ended, ‘Alnico’, ‘Ticonal’ or similar, 20 cm. 
Soft-iron bars, 6 in., ‘mu-metal’ for preference 
Knitting-peedles, steel o 
Compasses, tracing, agate pivots $ in. diameter 
Soft-iron ring, 2 in. internal diameter 
Horseshoes, soft-iron, 4 х 4 in. 
Dip needle 
Magnetometers 


(g) FOR CURRENT ELECTRICITY 


Copper plates, stout, 4 x 14 in., with wire 
Zinc plates, stout, 4 x 13 in., with wire 
Carbon plates, stout, 4 X 14 in., with wire 
Daniell cells, 4 pint size 
Spare zincs and porous pots 
Leclanché cells, 1 pint size 
Spare zincs for previous item 
Accumulators, portable, glass, 
Hydrometer, syringe, for batte 
Low-tension charger (transformer- 

tern, for use on mains only 
Null-method galvanoscopes p 
Galvanometer, pointer type, high sensitivity 

do. demonstration type 
ight boxes accommodate 32 pupils 

p A.66, 69, and others. pun 
40, and Chapter VI, page 59. 


for previous item 


2-volt, 40 amp.-hours 


ry testing , 
rectifier), inexpensive pat- 
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*1 only 
*] only 
2 only 


2 only 
2 only 
2 only 
12 only 
2 only 
12 only 


2 only 
2 only 
1 only 


2 only 


1 only 
1 only 
12 only 
1 only 
1 only 
12 only 
1 only 
*1 only 
6 only 
6 only 
1 only 
1 only 
2 only 
1 only 
1 only 
6 only 
2 only 
1 only 
1 doz. 
1 doz. 
1 doz. 
1 doz. 
1 doz. 
1 doz. 
1 doz. 
1 doz. 
1 doz. 
1 doz. 
1 doz. 
1 doz. 
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i ing-coil, low resistance 
Galvanometer, mirror andscale type, moving-coil, 
Galvanometer, lamp and scale, adjustable, 6 or 12 volts : 
Milli-ammeters, 2 in. scale,?moving-coil (full scale deflexion), 


5 1-0 milli-amp. 
do. 0-10 ma. 
do. 0-100 ma. 
do. 0-500 ma. 
do. 0-2 amp. 
е do. 0-10 amp. А 
Voltmeters, 2 іп.° scale, moving-coil (full scale jeflexion) 
0-2-5 volts 
do. 0-25 volts 
do. 0-250 volts 


P 
Moving-coil multi-range instrument, preferably with external 
shunts and series resistors for demonstration purposes . 
Moving-iron voltmeters, A.C. type, for measuring potential 

difference of A.C. mains if available 
Moving-iron ammeter, A.C. type, 0-5 атр. " 
do. 0-10 amp. 
Rheostats, 0-10 ohms, to carry at least 4 amp. 
do. 0-100 ohms, to carry at least 2 amp. 


do. 0-200 ohms, for use on mains, to carry at least 2 amp. 
Resistance coils, 2 ohin 9 
do. set of 9, 1-1000 ohm 


Resistance box, 1-5000 ohm 
Wheatstone bridge, 1 metre 
Potentiometers, 1- or 2-metre wires 
Induction coil, 6-volt primary 
Electric bell 

Electric bell push 

Morse key 

Morse buzzer 

Plug switches 

Press keys 

Lever switch, 2-way 

Terminals, wood-screw type, small 


do. medium size 
do. large 
Terminals, machine screw, cheesehead type, small 
do. medium size 
Terminals, pillar type, cheesehead Screw, small 
do. medium size 
Terminals, with screw-down base, small 
do. medium size 
Connectors, small 
do. large 


Spring clips, with serrated jaws (for battery terminals) 


h 


° 
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1 doz. Spade terminals, red 


1 doz. do. black 
3 1. *Paxolin', ‘Tufnol’, ebofiite or similar sheet 
4 |b, Ebonite rod, 3 in. ə 


4 Ib. Ebonite tube, + in., $ in. walls 
4 lb. Insulating tape, adhesive 
1 Ib. Copper wire, bare, S.W.G. 14 . 
3 Ib. do. D.C., S.W.G. 22, 1 Ib. reels 
Д 15. do.. Р.С.С., S.W.G. 36, 1 lb. reel ә 
4 lb. " Nickel-chrome wire, bare, S. W.G. 30 
4 Ib. Eureka wire, S.W.G. 30, bare 
3 only Twin lighting flex, 12-yard coils 
1 only Dynamo, single magnet, small 
1 only do. laminated armature, adjustable brushes 
only Electric motor, 6-volt — ' 
only Motor parts, mains, A.CAD.C. 
only Electric immersion heater, 500—750 watts, for mains use 
only Primary and secondary coils; set, with connecting soft-iron 
bar, for demonstration of laws of induction 
*1 only Constructional kit of transformer parts, for use on mains, and 
for demonstrations of induced current experiments 
*1 only Telephone transmitter and receiver with such associated appa- 
ratus (battery and transformer) as may be necessary 
6 only Tangent galvanometers * 5 
*] only Cathode-ray tube, mounted, complete with power pack and 
associated apparatus 


кз ә. 


(Л) FOR ELECTROSTATICS 


X дох. Rods, ebonite, ‘polythene’ or *alkathene" 
3 дох. Glass rods, 1 cm. diameter 
Silk for rubbing glass rods 
1 only Reel, unspun silk T 
4doz. Metal balls on insulating handles, 
2 only Electroscopes 
*] only Projection-type electroscope 
2 only Electrophoruses 


about 14 in. diameter 


III—CHEMICAL SUBSTANCES 


for example, those marked *, may be obtain- 


Note—Some of these items, 
r the purpose 


able locally. If metric units are used, it may be assumed fo: 


* Neither these, nor the magnetometers, are, required, if the alternative 
Syllabus, page 328, is adopted; but in that case suitable coils or solenoids must 


be constructed or purchased. Б d 
1 But the finest cotton locally obtainable may be satisfactory, and is much 


easier to use. 
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i iti == .or$ Kg ; 1 oz. = 25 gm.; 1 
f ordering quantities, that 1 Ib. = 500 gm. ог 2 : Á 
gation = 5 litres (in fact, 1 Ib. = 454 gm.; 1 oz. = 284 gm.; 1 gallon 
= 455 litres). s 


6 lb. Acid: hydrochloric, ‘commercial’ (1 ‘Winchester quart’) 
7 lb. do. nitric, ‘commercial’ (1 ‘Winchester quart’) 
18 Ib. do. sulphuric, pure (2 ‘Winchester quarts’) 
*1 gall. Alcohol, industrial methylated spiri: 
*4 oz. Aluminium powder, fine 
51. Ammonia (solution), S.G. 0-96 (1 ‘Winchester quart") 
*51Ь. Ammonium chloride (sal ammoniac, for cells) 
1 Ib. Aniline, pure " 
2 Ib. Benzene, pure 
2 oz. Camphor 
2 Ib. Carbon tetrachloride, puré 
1 Ib. Copper metal turnings, small 
5 Ib. Copper sulphate, pure crystals 
1 Ib. Ether, in 4 lb. bottles 
31b. Поп filings, fine” 
3 Ib. Lead shot 
14 Ib. Mercury metal 
*3 Ib. Naphthalene, flakes or balls (moth-balls) 
*1 gall. Paraffin liquid (kerosene) 
*4 oz. Potassium permanganate 
1 Ib. Soap, Castile 
*2 Ib. Sodium carbonate (washing soda) 
*5 1b. Sodium chloride (salt) 


*2 Ib. Sodium thiosulphate Chypo’), pea crystals 
*2 Ib. Turpentine . 


‘Vaseline’, yellow (Petroleum jelly) 
2 Ib. Zinc, granulated 


APPENDIX F 
Duties of Laboratory Assistants 


The following list was prepared for a laboratory assistant in a school 
having two general science laboratories, one preparation room and two 
store rooms.* (Although only one assistant was employed in this case. 
the work in such a school may reasonably be shared between two, espe- 
cially if they are expected to set up demonstration experiments, and to 


герліг apparatus.) 


I—GENERAL 
nd direction of the teachers, to be responsible 


1. Under the supervision a 
liness of laboratories, stores and preparation 


for the order and clean 


room. 
2. Similarly to be responsible for the care, maintenance and storage of 


apparatus; and to report immediately to the teacher concerned when 


3 гы thing goes wrong. 

- *0 report immediately any fau 
drainage, etc., and, if expert attention is require 

á until the necessary repairs have been effected. 

- To make sure that new supplies are ordered in time to prevent stocks 
becoming exhausted. A note-book must be kept for this purpose, to be 
Submitted to the teachers weekly at a definite time, and an entry must 
be made and dated as soon as the possibility of any deficiency is noticed. 


Its in gas.or water [ог electricity] supplies, 
d, to keep on reporting 


II—DAILY 


E One hour before school 
> Ореп, апа fasten back securely, all а 
- Sweep all floors, behind cupboards an 


in the open! 
Clean all sinks: using a scouring agent, if necessary. 
h the supply of chalk. 


Clean the blackboard and, if necessary, replenis! 
d contents (making sure 


Dust benches, fittings and reagent shelves ап 


that all ground-glass stoppers are loose). ; 
check both water levels (if necessary 


6. 4 
Start up the petrol-air gas plant: vel 
replenish with distilled water); check petrol gauge (minimum of 2 gal- 

lons in tank); drain carburettor and store waste in the containers; wind 


up weights. 
1 stocks to fall below 4 gallons. 


N.B.—Never allow petro 
* 
Pages 275-8 of ТЛ vestigation of the Probl i 
; AE he Report of an Investigation of the Problems of Science 
Reaching in the British Weit as Colonies, by Е- Smithies, issued by the 
a Department of the Colonial Office, London, S.W., in 1950. 
.P.—BB 


oors and windows. 
d under benches, etc., as well as 


мә 
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7. Fill reservoir of *wet-bulb' thermometer with distilled water (after, not 
Ў before, the reading has been taken). А 
8. Adjust any other instruments as required. 


(b) One hour after school : " 
d clean used apparatus, and put it away. 
: e from stock broken glass-ware for cupboards, bench lockers, 
etc.; make necessary entries in breakages record book. 
. Replenish all wash-bottles with distilled water. 
. Replenish reagent bottles ‘rom stock solutions. DS. 
. Keep two ‘Winchester-quart’ bottles of the common stock solutions; 
if one is empty prepare another 24 litres according to the full details of 
procedure and quantities given on the label. à ' 
. Prepare smaller quantities of other stock solutions if volumes are 
getting low, according to details given on the label. ‚ 
7. Replenish stains, mounting media; preserving fluids, culture solutions, 
etc., as required. 
8. See to maintenance (and food supplies if necessary) of any plant or 
animal experiments, aquaria, livestock, etc., as required. 
9. Enter withdrawals, as made, in Store Ledger, 


чл > 


(c) When not otherwise occupied during teaching hours ч 

1. Clean four cupboards and /or Storage shelves each day,* including their 
contents, F 

2. Put out and/or set up apparatus 

supplied each morning) before the 

If possible, effect any necessary mii 


(as required by the teacher's list 
appropriate teaching period. 
nor Tepairs to apparatus. 


III— WEEKLY 


8: 


(On Saturday morning) 


1. Perform any necessary parts of the above routine and make sure that 
none have been neglected, 


2. Brush down ceilings, walls, window frames, tops of cupboards, etc., 
as well as floors, 


3. Inspect gas and water Systems and carry out any necessary minor 
repairs or preventive action. 


4. Clean the drainage system thoroughly. 

5. Polish bench tops. 

6. Check apparatus in bench lockers. 

7. Check all drawers, clean if necessary, and mak 
boards and shelves, etc., are free from i 

8. Oil all bearings, and grease cable of gas 

9. Oil bearing of wind vane, 

0. Clean off any rust and where necessa: 
tripod and retort stands, clamps and ret 
knives and glass-knives, and so on. 


е sure that they, cup- 
nsect pests, etc. 
plant. 


Ty re-grease tools, magnets, 
ort rings, bunsen burners, etc., 


* According to a rotation shown in à special schedule. 


3 
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. Check and, if necessary, clean sets of dissecting instruments. 

- Clean and sharpen cork-borers. 

- Grease glass stopcocks (burettés, funnels, aspirator taps, etc.). 

. Clean and check up balances and weight boxes» 

. Check all optical instruments, clean lenses (using chamois leather 


slightly damped with dilute formalin) and re-fit dry storage boxes. 


. Check kerosene levels in rubber storage cupboard. 


Check and replenish first-aid cupboard. 


IV—MONTHLY' 


o 


(When not otherwise occupied) 


— 


шош 


- Clean windows of buildings, cupboards, fume cupboards, etc. 
. Do any other necessary cleaning which is not carried out at more 


frequent intervals. 


. Oil and/or grease apparatus: bearings, pulleys, chains, gears, etc. 
. Change muslin and wick of *wet-bulb' thermometers. 


Outdoor werk: e.g. maintain, clean} repair, etc., botanical garden, 
vivaria, pond, meteorological equipment aid instruments, and so оп, 


V—TERMINALLY 


(During vacations) 


1, 


2. 
3. Clear and clean all cupboards, lockers, drawers, shelves, etc., and 


ust 


ihe 
8. 


Dh 
10, 


п. 
12, 


Make sure that the above routine has’ been carried out properly and 


is continued where necessary. $ 
See that repairs to buildings, furniture, fittings, etc., are carried out. 


make sure that the contents are correct, clean and in good order. 


. Give thorough preservative treatment to bench tops. 
. Polish all furniture and bench tops, after touching up with stain or 


paint as necessary. 

Overhaul all equipment and apparatus: repaint or touch up with 
paint, enamel paint, stain, varnish, etc.; clean, renew, tighten up, etc., 
all nuts and bolts, wood and machine screws, bearings, terminals, etc. ; 
replace old wiring, etc. 


Overhaul all reagents, stock solutions, etc. 
Make sure that all labels are quite clear and neat (numbered where 


necessary), well fixed, and well and neatly coated with paraffin wax. 


Check breakages record. 
Check stocks against the Store Ledger. Make sure that correct quan- 


tities have been entered in the Order Book. b 
Pack and arrange despatch of apparatus to be sent away for repair. 


If possible, construct any apparatus required. 


VI—ANNUALLY 


(Probably during Easter Vacation) 


1, 
2 


Assist with complete and general overhaul. 
Assist with stock-taking. 


364 APPENDIX F 


7. Fill reservoir of *wet-bulb' thermometer with distilled water (after, not 
before, the reading has been taken). s 
8. Adjust any other instruments as required. 


(b) One hour after school 

1. Wash and clean used apparatus, and put it away. 

2. Replace from stock broken glass-ware for cupboards, bench lockers, 

etc.; make necessary entries in breakages record book. 

. Replenish all wash-bottles with distilled water. 

. Replenish reagent bottles irom stock solutions. NE 

. Keep two ‘Winchester-quart’ bottles of the common stock solutions; 
if one is empty prepare another 24 litres according to the full details of 
procedure and quantities given on the label. е 

. Prepare smaller quantities of other stock solutions if volumes аге 
getting low, according to details given on the label. 4 

. Replenish stains, mounting media; preserving fluids, culture solutions, 
etc., as required. 

8. See to maintenance (and food supplies if necessary) of any plant or 

animal experiments, aquaria, livestock, etc., as required. 

9. Enter withdrawals, as made, in Store Ledger. 


pw 


(c) When not otherwise occupied during teaching hours 


1. Clean four cupboards and /of storage shelves eacii day,* including their 
contents. Ы 
Put out and/or set up apparatus (as required by the teacher's list 
supplied each morning) before the appropriate teaching period. 

If possible, effect any necessary minor repairs to apparatus. 


2. 
ah 


III—WEEKLY 
(On Saturday morning) 

1. Perform any necessary parts of the above routine and make sure that 
none have been neglected. 


. Brush down ceilings, walls, window frames, tops of cupboards, etc., 
as well as floors. 


. Inspect gas and water systems and carry out any necessary minor 
repairs or preventive action. 

4. Clean the drainage system thoroughly. 

5. Polish bench tops. 

6. Check apparatus in bench lockers. 

7. Check all drawers, clean if necessary, and make sure that they, cup- 
boards and shelves, etc., are free from insect pests, etc. 

8. Oil all bearings, and grease cable of gas plant. 

9. Oil bearing of wind vane. 

0. Clean off any rust and where necessary re-grease tools, magnets, 
tripod and retort stands, clamps and retort rings, bunsen burners, etc., 
knives and glass-knives, and so on. 


* According to a rotation shown in a special schedule. 


11, 


E 
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Check and, if necessary, clean sets of dissecting instruments. 


12. Clean and sharpen cork-borers. 


13. 


Grease glass stopcocks (burettes, funnels, aspirator taps, etc.). 


14. Clean and check up balances and weight boxes» 


15; 


Check all optical instruments, clean lenses (using chamois leather 
slightly damped with dilute formalin) and re-fit dry storage boxes. 


16. Check kerosene levels in rubber storage cupboard. 


17. Check and replenish first-aid cupboard. 


° 


IV—MONTHLY 


о 


(When not otherwise occupied) 


ta 4 02 


. Clean windows of buildings, cupboards, fume cupboards, etc. 

. Do any other necessary cleaning which is not carried out at more 
frequent intervals. е 

. Oil and/or grease apparatus: bearings, pulleys, chains, gears, etc. 

. Change muslin and wick of *wet-bulb' thermometers. 

. Outdoor werk: e.g. maintain, clean} repair, etc., botanical garden, 
vivaria, pond, meteorological equipment and instruments, and so on. 


V—TERMINALLY 


(During vacations) 


1. 


2. 
3; 


Ji 
8. 


9 


10. 


Make sure that tke above routine has been carried out properly and 
is continued where necessary. ^ 

. See that repairs to buildings, furniture, fittings, etc., are carried out. 
Clear and clean all cupboards, lockers, drawers, shelves, etc., and 
make sure that the contents are correct, clean and in good order. 


. Give thorough preservative treatment to bench tops. 
. Polish all furniture and bench tops, after touching up with stain or 


paint as necessary. 


. Overhaul all equipment and apparatus: repaint or touch up with 


paint, enamel paint, stain, varnish, etc.; clean, renew, tighten up, etc., 
all nuts and bolts, wood and machine screws, bearings, terminals, etc. ; 
replace old wiring, etc. 


Overhaul all reagents, stock solutions, etc. 
Make sure that all labels are quite clear and neat (numbered where 


necessary), well fixed, and well and neatly coated with paraffin wax. 


Check breakages record. 
Check stocks against the Store Ledger. Make sure that correct quan- 


tities have been entered in the Order Book. 


11. Pack and arrange despatch of apparatus to be sent away for repair. 
12. If possible, construct any apparatus required. 


VI—ANNUALLY 


(Probably during Easter Vacation) 


ile 
2. 


Assist with complete and general overhaul. 
Assist with stock-taking. 
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3. Assist with preparation of indents. 


4. Unpack, help to check and enter in Store Ledger, and store in proper 
places, all new apparatus and materials. 


Note.—1. 


2 


A register of the above activities must be kept and each duty 
initialed daily, weekly, etc., as it is completed. 
If the above duties are carried out conscientiously, thoroughly 


and at the right times, the list is;far less forbidding than it 
appears. ‚ 


. The teacher concerned must always be consulted about any 


difficulty. 


. The various notices about precautions against accidents must 


be followed and obeyed. It is essential to be familiar with the 
first-aid instructions. 


. Unauthorized experiments must NEVER be attempted. 
eu the senior science master is on leave, or absent for any cause, 


during a vacation, daily arrival and departure must be reported 
to the school clerk oi his substitute. 


° 


APPENDIX С 
The First-Aid Kit 


The following items are recommended as the contents of a laboratory 
first-aid cupboard. Regular inspection of the cupBoard is necessary to 
ensure thorough cleanliness, replenishment and good condition of the 
contents. A list of contents on the inside of the cupboard door facilitates 
checking. Labels on bottles should give not only the name of the substances 
but, where necessary, the purpose, the dose, the strength of solution, etc. 
(see Chapter X, page 107). a " 


Bandages: various sizes. (Best kept in an air-tight jar.) 
Brush, camel-hair, small. . 
Cotton wool, absorbent; à roll. (West kept in an air-tight jar.) 
Dressings, sterilized. (Must be kept in an air-tight jar.) 
Dropper—pipette for eye drops. 3 
Eyebath. $ 
Forceps—tweezers, pair of. 
Gauze, medicated; a roll or several pieces. (Best kept in an air-tight jar.) 
Lint, surgical: a roll. (Best kept in an air-tight jar.) 
Plaster, adhesive: roll 3" or 1” wide, or both. (Best kept in an air-tight jar.) 
Safety-pins: various sizes, 1 dozen. (Best kept on cloth smeared, with 
‘Vaseline’, or engine-oil, in an air-tight jar.) 
Scissors, sharp-pointed, pair of. > 
Wash-bottle of distilled water. E 4 
Jelly (or cream)—for burns—as purchased or obtained from doctor or 
dispenser. 
Sal volatile—bottle as purchased. 
Zinc oxide ointment—as purchased. 
Bottles, 4 oz. wide-mouth, of solids: 
Mustard. 
Salt, common. 
Sodium bicarbonate. 
Tannic acid tablets or powder. 
Bottles, 4 oz. narrow-mouth, of liquids: 
Castor oil. 
Milk of magnesia. 
Boric acid, 1 per cent. 


water.) я я 
Todine—tincture of. (2:5 gm. of potassium iodide dissolved in a little 


distilled water; 2:5 gm. of iodine dissolved in the solution, which is 


then made up to 100 ml. with ethyl alcohol.) 
Sodium bicarbonate, 1 per cent. (1 gm. solid in 100 ml. of distilled water.) 


Bottles, 16 oz. narrow-mouth, of solutions: 
Acetic acid, 1 per cent. (5 ml. of glacial acetic acid in 500 ml. distilled 


water.) 
Sodium bicarbonate, saturated. (Distilled water standing over slight 


excess of solid in the bottle.) 


(1 gm. of acid dissolved in 100 ml. of distilled 
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Physical Data 


(1) Some lengths and distances 


cm. 
1028 : ^ 
10% Most distant Nebula (450,000,000 light years) 
10% rs 
Diameter of our Galaxy (120,000 light years) 
102 4 2 
1020 g 
Nearest Star (4 light years) Р 
1018 Distance ee s in 1 year (5,900,000,000,000 miles) 
1015 
10^ Distance fiom Sun to Pluto (3,700,000,000 miles) 
Distance from Earth to Sun (93,000,000 miles) 
1072 
401° Distance light travels in 1 sec, (186,000 miles) 
Earth’s diameter (8,000 miles) ; 
10? 
10% 1 mile 
Largest living organism (Californian redwood tree) 
10* Highest building in England (Salisbury Cathedral) 
10? 6-foot тап ——---—- 
New-born baby 
1cm. -Length range of human existence 
103 Human ovum -—-—--- 
ay Red blood corpuscle 
10 Limit of light microscope; also, smallest living organism 
Wave length of visible light (bacterium) 
ПОХ Limit of electron microscope 
10-8 ($)— Atom 
407° 
1072 FIGURE 79.—A ‘ladder’ of lengths 
€ — Electron „ (Every rung on this ladder represents a length ten 
-14 times greater than that represented by the rung 
10 below, and ten times less than that represented by 
the rung above.) 
407° @— Proton 
1078 


cm. 


ә 
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(2) Densities of some common substances 


369 


(a) Elements 


(b) Miscellaneous solids 


Grams per c.c. 


Grams per c.c. 


Aluminium . . . 27 Brass . 8:5 
Carbon (diamond) . 93:5 Cork . . .| 022-026 
Copper . d 89 Ebonite . . . e 1:8 
Gold 2 19:3 Glas, crown . . 2:4-2:6 
Iron. 9 78 у. ПЕ 2:9-4-5 
Lead 2 11:4 ° | Granite 2:5-3-0 
Magnesium . o G bo CABS 0:917 
Manganese . 7-4 a  |Iron, cast 74-741 
Mercury . 13:6 Marble . 2:5-2:8 
Platinum 21-5 Naphthalene 1-15 
Silver 10-5 Paraffin wax . 0:89-0:93 
Sulphur 1:9 Sand $2 x 0$ 2:63 
Tin . i T3 Wood, cedar. 0:5-0:6 
Zinc n Tl „> ,mahogany 0:6-0:8 
(c) Liquids (d) Gases 
Grams per Hs 

, Grams per c.c. А а ae саш 
Benzene. . . 0:87 {Ай ar LE 1:293 
Brine (saturated) 120 Carbon dioxide . 1:96 
РЕНЕ 0:73 Carbon monoxide . 125 
Ethyl alcohol 0:80 Chlorine . 3214 
Glycerin . 1:26 Helium . 0-179 
Kerosene . . 0-80 Hydrogen . . - 0:0899 
Methylated spirit 0-83 Hydrogen sulphide . | 1:53 
Milka Wal en us 1:03 Nitrogen . 5 1:251 
Oil, castor 0-97 Oxygen . ; - 1:429 
»,linseed . 0-94 Sulphur dioxide . 2:93 
» ; Olive 0-92 
» э palm 0:92 
Sea-water 1:04 
Turpentine . 0-87 


(3) The density of water at various temperatures 


Temperature ° C. 


| Grams per с.с. 
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(4) Elasticities (Young's modulus) 


v 
| +. dulus 
Metals | r] 
Aluminum . . . 0-70 x 101? 
CODDeD^ $9. = . 1:25 "e 
Tron, steel . | 2:0: 3» 
Tin . AUG oz | 0-54 j 
Из s & sos 1-0 n 
Constantan (Eureka) . | 16 % 
Manganin . | 1:25 


(5) Surface tension 
(a) Water 


The surface tension of water in contact with air is about 73:5 dynes per 
cm. at 15° C. To find the value at other temperatures, the factors shown 


may be used: e.g. at 20° C. the surface tension of water is 73:5 x 0:99 
dynes per cm. 


] 
Temperature | | А | | | | 
CC): o | 10 15 | 20 | 30 | 40 | so | «| 70 | во | 90,| 100 
| ———|_|_| 3 в 
Multiply by: | 1-03 101 | 1-00 099 097 095 093 090 09 0:85 083 080 


| 


(b) Other liquids 


reer Temperature S tension 
Liquid oc) Наа) 
Aniline . . . . 15 43 
Benzene. . . . 15 29 
Carbon tetrachloride 20 26 
Ethyl alcohol . . 20 22 
Kerosene (paraffin) . 25 26 
Mercury. . . . 20 465 
Soap solutions . — about 25 
Turpentine . . . 15 27 


(6) Angles of contact between liquids and glass 


(Freshly formed surfaces in contact with clean glass) 
Water 0° Paraffin (kerosene) 26° 
Alcohol 0° Turpentine LI 
Benzene 0° Mercury 143° 


J 
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LJ 
(7) The viscosity of water , 
| Temperature Viscosity, Temperature Viscosity 
ес (gm. em? * C.-?) ес.) (gm. ст.1 * C.-1) 
= > € 
0 0-018 40 0-0066 
10 0-0131 50, 0:0055 
e 15 0-0114 60 0-0047 
| 20 00101 * 70 0-0041 
25 0089 80 0-0036 
А 30 -0080 » 100 0:0028 
1 
ə 
e E 
> 
(8) Coefficients of expansion 
А (a) Of length (linear) (6) ОГ volume (cubical) 
| A 3 
| © Solids (per* C) Liquids (per^ C) 
Aluminium 26 x 10-*| Alcohol . . 00011 
| Brass . . e» 19 5 Glycerin . . | 000053 
Carbon, diamond. ТӘ ъ Кегозепе - 0:0011 
Copper " ÍT ow Methylated spirit 0-0011 
| Glass 8:5 s Мегсшу . è 0-000182 
Gold 14 >» Turpentine . . 0:00097 
Ice. 50 3 Water (5-10° C.) 0-000053 
Iron 12 » (10-20? C.) 0-00015 
» Cast 10° а (20-40* С.) 0-00036 
Lead 29 ж (40-600 C.) . | 0:00046 
Magnesium 25 5 (60-80? С.) . | 0:00059 
‘Pyrex glass’ 3 ss 
Silica 0-4- 0:5 ,, 
Steel 10:5-11:6 ,, 
Silver . [9 s 
Tin 22. з» 
Zinc 28 » 


Note.—To obtain the coefficients of cubical (volume) expansion of solids, the 


| coefficients of linear (length) expansion are multiplied by 3. 
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(9) Melting points, boiling points ayd specific heats of some common 


substances 
Melting Boiling энесе еа 
Substance peint poal EN. ner’ C) 

(a) Elements œ " 
Aluminium А та 660 2200 ол, 
Copper "Se aed ти 1084 2310 0.031 
бош Fn ctr = 1065 2530 
Helium . . — 272 r- 269 
Hydrogen . — 259 — 253 011 ' 
ron 30 1527 3235 03 
«esu 3274 1755 0 DAS 
Magnesium . 649 1107 0: 12 

anganese . 1242 1900 ME 

ercury TY — 38:9 356:7 0:03 6 
Nickel УУ 2900 0:10 
Nitrogen Е. ЗИ — 210 — 196 
Oxygen" ГУЕ — 218 — 183 2 
Васи е Жу 1774 4300 0022 
SIVer с а ёл: 960:5 2152 0:05 
Sulphur Mv MES 105 4446 0-163 
QN E IN ЫП И у= йш 2270 0-054 
Шо s.» uh dor E 419-5 913 0:092 
b) Solids (miscellaneous) 
aes i, a eee 0-089 
Ebonite . 0-4 
Glass 0-16 
Ice ЕК был ЖТ 0 100 0:5 
TRON; (Casta en Ж ус, с 1527 2450 0-11 
Мае, Е suk an 0-22 
Naphthalene 80 218 0:3 
Paraffin wax 40-60 0-69 
(c) Liquids (miscellaneous) 
Benzene . ка $ 5 80 
BE us me By a NE — 118 35 
Ethyl alcohol. s -ne & 2. — 115 78 0:58 
Glycerin: тыы М М E 17 290 0-58 
Кегозепе (paraffin) 0:51 
Methylated spirit 0:55 
Oil castor . . ТУ, es 316 0-51 
» , palm, and olive . . , 0:47 
Turpentine . A MEET E, 0:42 

INater a). bees Ls 0 100 1:00 


ә 


e 
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(10) Specific heats of gases 


(Values in calaries per gram per Centigrade degree) 
E 


9 Gas At constant At constant 
EI pressure (Cp) volume (C,) 
к э 
Airy e «=: = sa 0:24 0:17 
Hydrogen . . « o: 3:42 2-40 
Carbon dioxide . . . - 0:20 0:165 
Nitrogen . “ЫК С. | 0-235 0-175 
° E ЕД 
Р à 
(11) Latent heats 
Substance ones 
Ice/water = o 0 t t 7 80 
Water/steam. . - 4 * * * 539 
Naphthalene solid/liquid . . - 35 


Ethyl alcohol liquid/gas . . - 205 
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€ 
(12) Pressure of saturated water vapour at different temperatures 
` (millimetres of mercury) 


2 3 4 | s | 6 7 | 8 9 
T Um | | LE — | 
0 | 46) 49) 53| 57| 61] 65| 70| 75| 80| 86 
10 | 92| 98 | 105 | FI2| 120 | 128 | 136 | 1455 | 155 | 165 
20 | 17:5 | 186 | 198 210 | 223 | 23-7 | 2541 | 267 | 283 | 299 
30 | 31-7 | 33-6 355 37-6 | 39-8 | 42:0 | 444 469 49:5 | 523 
0 р # е "um iA 16 To 


40 | 551) 613 681 754| 835 923 102 112 | 123, 135 
60 |149 |163 179 195 | 214 | 233 | 254 | 277) 301. 

80 1355 |384 |416 450. 487 525 567 ll 657. 707 
100 760 |815 |875 938 |1004 1075 | 1149 | 1227 | 1310 | 1397 


(e.g. the vapour pressure of water at 24? 


C. is 22:3 mm. of mercury, 
and the vapour pressure of water at 54? 


C. is 112 mm. of mercury.) 


(13) Boiling point of water at different pressures (see also table (14) ) 


Pressure Boiling point ili oint 

(mm. of mercury) (Ӯ ©) Ий во» 
780 100-7 720 98:5 
770 100-4 710 98-1 
760 100-0 700 Өле 
750 99:6 690 97:3 
740 99-3 680 96:9 
730 98:9 


ә 
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ә 
(14) Boiling point of water at various heights and pressures 
Height | 
(metres б | DEAE. bed 
META А ‘millil rs) (mm. of mercury) CC) 
Е € E 
s. D 1013 | 760 ? 100 
1000 89 |. 674 97 
2000 795 | 598 94 
3000 701 Ж 528 90 
ә 4000 616 467 87 
5000 540 ‚ 411 84 
10000 264 205 67 
15000 120 s 95 50 | 
» + M.S.L.—Mean sea leyel. 
E] э 
(15) Weight of water (in grams) in 1 cubic metre of saturated 
air at 760 mm. pressure 
| | 
Temperature | | 
of air 1 2 à ] 4 5 | 7 8 9 
ес.) | | | 
d. - " —— 
0 48| 52| 55| 59| 63| 68 72| T8 82, 87 
10 9.3| 9-9 | 106 | 11-3 | 120 | 12-7 | 13:5 | 143 | 15:2 | 161 
20 171 | 18:1 | 19:2 | 20:4 | 21-5 | 228 | 24-1 | 25-5 | 26:9 |284 
30 30-0 | 31-7 | 33-4 | 35:3 | 37-2 | 39-2 | 41-3 43:5 45:8 48:3 


(e.g. 1 cubic metre of air saturated with water vapour at 760 mm. pressure 
and 17? C. contains 14-3 gm. of water.) 
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(16) Percentage (relative) 


i = 


' $a Depression of 
БЕ i.c. difference between 
BED E: 

Bed | | | ua m oc 

ÉS 1|2|[3]|4|s 8 11|12 | 13 | 14 | 15] 
120 |97/94/91/88|85|82| 79| 77 69 |57 | 64 62 | 59 
118 |9794 91 |88 |85 182 |79176 69 | 66 | 63 | 61 | 59 


116 |97 |94 90 | 87" 84 82 | 79 | 76 


* See notes on page 378. 


o 


PHYSICAL DATA 377 


humidity — ° Е,* 


= 3e 


the wet bulb (? F.) 
Wet- and dry-bulb readings Р 


20 | 22 | 24 | 26 | 28 | зо | 32 | 34 | 36 | 38 | 40 | 42 | 44 | 46 | 48 | so 


o 
© 
юше с 
WRAIAS 
о ооо 
eel 
юш 


23|17|11| 5 
21/15} 8| 2 
19 | 12 6 
16| 9| 3 
14 7 

11 3 

8 

5 


(17) Percentage (relative) humidity — ° C.* 


Temperature Depression of the wet bulb (° C.) 


of dry bulb |— _ — - 
ес. 1 [ора |е ет ДЕДГ ae A 


50 | 94} 89| 84 79|74| 70 | 65 | 6 | 57| 53 | 46 40 | 33 | 28 | 22 
45  |94|88|83|78|73| 68 | 63 | 59 | 55 | 51 | 42 | 35 | 28 | 22 | 16 
40 |93 | 88 | 82! 77 | 71 | 65 | 61 | 56 | 52| 47 | 38 | 31 | 23 | 16 | 10 
35 |оз |87 |80 75 |68 |62| 57| 52| 47| 42 | 33 | 24| 16| 8 
30 [9286/78 72|65|59|53 | 47 | 41|36|26 16 8 
25 91 | 84 | 76 69 | 61 | 54 | 47 | 41 | 35 T 17| 6 

4 


20 | 90| 81 73! 64| 56 47| 40 | 32 | 26 
15 | 89 | 79 | 68 59 | 49 | 39 | 30|21 | 12 
10 | 87| 75 | 62 | 51| 38|27| 17] 5 | 
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To find by interpolation values not shown in Tables 16 and 1 7 — Interme- 
diate values are found by putting the appropriate figure in the series, 
and this is often merely a matter of finding the ‘half-way’ figure by simple 
proportion. For example: dry bulb 94? F., wet bulb 86:5? F., i.e. a depres- 
sion of 94-865 = 7:5° F. The nearest figures given in the Table are 
shown in ordinary type, the interpolated figures in heavy type: 


Dry 
bulb Depression 
6 TTTS 8 
94 75 737 1 [ 


Simple proportion gives the half-way figure, showing the relative humidity 
as 73 per cent. 


2 2 
Similarly, if the dry bulb reads 93° F, and the wet bulb 75? F., i.e. а 
depression of 93 — 75 = 18° d 


1 


Dry 

bulb _ Depression M 
i 18 

94 42 

93 41 

92 40 


Here again simple Proportion gives the hal 
the relative humidity is 41 per cent. 


For a depression of 10-5? Е. at a dry bulb temperature of 73? F., the 


f-way figure, and in this case 


figures are: 
Dry 
bulb Depression 
10 105 11 
74 56 54 52 
73 53 
72 54 52 50 


When the figures do not work Out exactly, approximations must be 
used, the relative humidity always being given as a whole number. In а 
doubtful case, the conventional rule is to choose the odd number. For 
instance: dry bulb 80° F.; depressions of 1 and 2 degrees show humidities 
of 96 and 91 per cent. respectively in the Table. Thus the value for à 
depression of 1:5? Е. might be either 94 or 93 per cent. It is customary to 
choose 93 per cent. 

More detailed tables than those given here are used at climatological 
stations and in meteorological offices. But even when these are consulted, 


some interpolation is often necessary, since thermometers are read to the 
nearest tenth of a degree, 
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(18) Therme conductivities 


Conductivity 
Substance (Calories per cm. 
per second per ° C.) 
| 
Silver 0:97 
Copper . 0-92 as 
Gold s 07 | 
Aluminium . 0:5 2 
Zinc . 0:27 О | 
Brass. 0:26 5 n 
Iron . 0:16 Se 
Tin’ % 0:16 ag 
Steel . 911 zb 
Lead 0-08 o2 
Ісе . 0:005 оа 
Glassy Joi sus 0:0017 
Mahogany . . - 0-0005 8 
Ebonite. . . - 0:00038 Z 
Rubber > . + 4. 0-00031 o 
Сот s: 5 0:00012 z 
УШ ists = ox 0-00009 
Wool wi . « 0.00009 | 
Eiderdown .. . - 0:00055 | 


(19) Some refractive indices 


Substance | кЫзы 
Aniline, . ...- 1:59 
Carbon disulphide 1:63 
Diamond. . . 242 
Ethyl alcohol . к. | 1:36 
Glass, crown - . - > 1:52 
Glass, flint m 1:65 
Ice - 4 - Ж... 1:31 
Kerosene (paraffin) 1-44 
Turpentine | 1-48 
Water . | 133. 

ie 


T.P.—CC d 
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(21) Wave-lengths of some emission spectra 

d Emission | Wave-length Emission Wave-length. 

{ spectrum | (ст.) spectrum | (cm.) 

| 
Sodium D, „| 5895 x 10-5 | Hydrogen red . . 6563 x 10-8 
'; 
у x Wy : 5890 x 10-8 Р» green ., 4861 x 10-8 
| Neon yellow. . | ` 5853 x 10-5 » blue  .| 4340 x 10-8 
a | Visible spectrum . 77 x 10-5 
о | | to 3:8 х 10-5 
T РЧ 


| | ЕЈ ^ 
LJ 
i ° (22) Speed of sound 
i Medium | fou pore) 
9 — —— 
| Wi o. e v „ à 3713 x 10* 
Water 14-10 x 10* 
Stel . „ sa s 47-532 х 10 
Glass. . © % „= | 50-53 x 10* 


(23) Frequency of musical notes (Laboratory scale) 


. = 


е g 


Note c | d a 


| 

| 
24 

|- 


DT RM 
atio of frequency of note 
compared with c. . .| 1 | 9/8 5/4 | 4/3 | 3/2 | 5/3 


JE 


is 2 


256 | 288 | 320 | 341 | 384 | 427 480 | 512 
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(24) Some electrical characteristics of copper wire 


|+ Safe | 
E i: esistance nt 
Standard Wire| Diameter (E per metre) | ane) 
1 3:25 4 | 
10 “к 2:03 0-0054 9:8 
18 | 1:21 0-015 42 
20 0:91 0:026 26. 
22 0-71 0-044 r7 
26 0-45. 0-105. | 07 
32 «| 027 | ‚ 029 0-3 
29 0:19 | 0-59 015 
40 0-12 1:5 0:06 


(25) Approximate resistances of other wires 


2 . И Я ; es 
To obtain the resistance (in ohms) of wires of other materials, the figur 
under ‘Resistance in 


ohms per metre’, for copper (Table 24), should be 
multiplied by the factors showa below: 


Material | Factor 
Brass a o o (approximately) 4 
"Constantan' or ‘Eureka? es. 28 
Iron ss - (approximately) 7 
Мапрапіп. . . . I e 25 
Nichrome. . | | LL n 63 
Steel 3 (approximately) | 11 


(26) Sizes of flexible conductors 
Bell wire, for circuit up to 6 volts: 
6 strands of 36 S.W,G, Copper wire (6/36) 
Ordinary wire, for circuits up to 250 volts: 
To carry 400 watts (14 Strands/S.W.G. 36) 
To carry 600 watts (23 /36) 
To carry 1000 watts (40/36) 


о 
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(27) Fusing currents—for svire mounted horizontally 


Fusing current (amperes) 1 3 5 10 20 40 
Тіп, S.W.G. . . WES « | 37 |28| 24 | 21 18 | 14 
Copper, S[:W.G. | . . 2| | 41 | 38 | 33 | 28 | 23 
- y 
ә 


э 
5 


(28) Electrical resistivities and temperature coefficients 


Resistivity (specific resistance) ` is measured i in ohm sq. cm. per cm., i.e. 
ohm cm.; temperature coefficients, рёг °C. Values are at ‘room tempera- 


ture’, about 20° С. J 
E | R tivi ti [T ture coeffi t 
vities emperaturt е! ien! 
Metals тене ы P (per ? C. з 
А 
| 
Aluminum ШШ... .| 32 Х10°* 0:0038 
Copper M. vv 41782601072 0:0043 
Tron. 2... .|13. x 1058 (approx.) | 0:007 (approx.) 
Iron (steel). . . 2. .|20 х 10-* (approx.) | 
Mercury с. эи PPG, 2610-f 5 0-0009 
Nickel . 12; | 261055 0:0062 
Silver 1:63 x 107° | 0:0040 
Tin 11 % 10-5 | 0:0045 
Tungsten oe 5 E V 5б ж: 1055 0-005 
Brass . ws 7 х 10-* (арргох.) 0:001 
Constantan (Eureka) Ai 49. 2501058 | zero (approx.) 
German silver. . . . . |25 X 107 (approx.) 
Manganin. ж . о x43 og zero (approx.) 
Phosphor-bronze. . . .| 7 х 107° (approx.) 
Nichrome 4. WW oe « а ШО 31058 0:0002 
Non-metals 

сањоб dame filament) 0:004 
Sulphur А75 ЖДО 
Glass, soda . 5.1 X104 
Glass, ‘Pyrex’ . n eSI S 
Ebonite 17 51015 
Mica . . T E1015 
Paraffin wax 1X 0% 
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(29) Electromotive force (E.M.F.) of cells 


Primary cells ‚ М 
d Bichromate : , 20 
Bunsen . UT 5а r9 
Darel sme. ome е s 1-07 
Leclanché, wet .. | . ^ о: 1-5 
Leclanché, dry battery 1:5 . 
Secondary cells Voltage 
Lead . . .5. .. Я 20 
Nickel-iron(NiFe) | | || 1-2 


(30) Electro-chemical equivalents 


Element 


| Equivalent 
| (gram per sec. per amp.) 
ЭШЕ ¢ E | 0:001118 
Соррег | 0:00033 
Oxygen . . . # | 0-0000829 
Hydrogen. . . 2 0-00001045 
(96500 amp. 


-seconds will deposit one equivalent weight in grams.) 


o 
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(31) Conversion factors 


The unit in the first column is multiplied by the conversion factor shown 
in order to obtain the equivalent number of the unit in the second 


column: E 


e.g. 6 inches = 6 x 2:5400 centimetres 


15 pounds per cubic ft. = 15 x 0-0160 grams per c.c. 


Inches.» . . .?. | centimetres 2-5400 
Centimetres. inches 0:3937 
„м ж. Rm NK Е = 
Wards . metres 0:914 
Metres . К yards 1-094 
Miles Y à kilometres 1-609 
Kilometres ` iles 0:6214 
— = 

Pints litres 0-568 
Litres . pints? 1-760 
Ouncess grams °? 28-35 
Grams. ounces о 0:0353 
Pounds (Br) . kilogrammes | 0:454 
Kilogrammes . pounds 2:205 
Gallons (Br.) . cubic feet , 0-160 

„| Cubic feet. ©. gallons 6:24 
Gallons (0.5.А). . | gallons (Вг) ` 0:833 
Gallons (Br.) . gallons (U.S.A.) 1:20 
Pounds per cu. ft. grams per c.c. 0:0160 
Grams рег с.с. pounds per cu. ft. | 62:4 
Pounds weight dynes 445 x 105 
Dynes . pounds weight 2:25 x 1075 
Pounds per sq. in. . | grams per sq. cm. 70:31 
Grams persq.cm. . | pounds per sq. in. 0:0142 
Foot-pounds . joules 1:356 
Joules . foot-pounds 0:737 
Horse-power . kilowatts 0:746 
Kilowatts . horse-power 1:34 
B.Th.U. calories 252 
Calories B.Th.U. 0-00397 
Calories . | joules 418 
Joules . | calories 0:239 
Miles per hour . ст. per second 44-70 
Cm. per second miles per hour 0:02237 
Square inches . . | square centimetres | 6:4516 
Square centimetres . | square inches 0:1550 
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(32) Some constants 


z = 3-1416 

1орл = 0-4971 

1 radian = 57-3 degrees 
е = 277183 

loge = 0:4343 

log.N = 2:3026 1оф їч 

logioN = 0:4343 log.N 
Earth's mean radius — 3,960 miles 

= 6:57 х 10% cm. 
g (acceleration due to gravity) = 32-2 ft, sec; ? 
= 980 zm. sec.-? 

9:80 m. sec.-? 
6:66 x 10-8 gm.— cm. sec.-? 
29-9 in. of mercury 
760 mm. of mercury 
14-7 Ib. wt. per sq. in. 
1-03 kg. wt. per sq. cm. 
186,300 miles per sec. 
= 3 X 10cm. sec.- 
„ 73 X 10° m, sec. 
Electronic charge — 1-6 x 10—19 cotlomb 
Stefan’s constant = 5:7 x 1082 ете sec. сп.—%° C.^* 


- 


G (the gravitational constant) 
1 atmosphere (pressure) 


Ed d wow d og 


Velocity of light in vacuo 


| 


i 


Index 


Absolute zero, 279 
Acceleration, 271-4 5 
Accident book, 109. 
Accidents, and first-aid, 107-10 
—, avoiding, 103-6 


—, dealing with, 106-7 n 
Accumulators, 264—5 e 
—, charging of, 127 Ф 


Accüracy, degree of, 90 

Acids, burns from, 106, 108 

Acoustics: see ‘Sound’ 

Activity, 6, 31 

Adiabatic changes, 304 

Aids to teaching, 165-225 

ш convention, for lenses, 
-9 E 

Alkalis, burns from, 106, 108 

Allocation of experiments, 92-4 

Alternating current, 289, 325-6 

Ammeters, 63-4 

Ammonja, danger of, 121 

Ampere, the, 63, 66, 262 y 

Angles of contact, values of, 370 

Ants, protection from, 125 

Apparatus, buying, 117-18, 120 

—, care of, 121-7 

—, electrical, 105, 120 

—, improvisation of, 111-17 

—, lists of, 347-62 

—, maintenance in tropics, 124-7 

—, materials for making, 346-9 

—, projection, 206-25 

—, quality of, 118 

—, storage of, 103, 121-7 

Archimedes' principle, 235 

Artificial light, 143-4 

Assignment method, 49-51, 158-64 

Assistants, laboratory, 128-31 

—, —, duties of, 363-6 

Assumptions in science, 51-3 

Atmospheric pressure, 232-3 

Atoms and electrons, 71-3 

Aural aids, 204-5 

Auxiliary rooms, 153-6 


Balances, care of, 126, 158 
—, in syllabus, 268 

—, purchase of, 119 
Barometers, 232-3 

Batteries: see ‘Cells’ 

Beakers, 114, 118, 119-20 ~ 


° 


Bench cupboards and drawers, 121-3 , 
—, demonstration, 123-4, 143, 150-52 
— electric fittings, 47-9 

—, side 152-3 

— sinks, 144—5 


.— taps, gas, 147 


— —, water, 145 

— waste disposal, 145-6 

Benches, 121-3, 149-53 

Bibliography, science, 336-40 

Bicycle, use in teaching, 40, 237 

Biographical method, 38-9 

Blackboards, 143, 156-7 

— 20е of, 195-7 

Boiling &nd evaporation, 249 

— points, tables of, 372, 374-5 

Books, library, 178-80 

—, lists of, 86, 336-40 

—, text, 177-8 

—,use of, 4-5 

Boyle's law, 29, 37-8, 44-7, and see 
“Gas laws" 

— — apparatus, 111 

Bieakages, 127-8 

Broadcasting, 204 

Burner, bunsen, 120, 123 

—, spirit, 114 

Burns, treatment of, 107-8 

Buying apparatus, 117-18, 120 


Calibration of ammeters, 63-4 

Caloric theory, 36, 281 

Calorimeter, improvised, 112 

Calorimetry, 87, 246-9, 280, 300-1 

Capacitors, 67, 321, 331 

Capillarity, 275-6 

Case histories, 83 

Cathode rays, 72, 327 

Ceilings, 141 . 

Cells, electromotive forces of, 384 

—, primary, 264 

—, secondary (accumulators), 127, 
264 

Centre of gravity, 242, 268 

Centripetal acceleration and force, 
292-3 

C.G.S. system, 65 

Chalkboard: see ‘Blackboard’ 

Change of state, 248-9, 280 

Charles's law, 44-7, and see ‘Gas laws’ 

Charts, 199-202 
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Charts, display of, 200 — 
Chemical effect of electric current, 
261-2, 287-8 

Chemicals, list of, 362 

—, purchase of, 121 * 
Chromatic aberration, 314 
Ciné-projectors, 206-25 

Circular motion, 291-3 

Clubs, science, 190-4 

—, —, activities of, 191-2 

—, —, administration of, 192-4 
Colour, experiments, 258-9 = 
Compasses, magnetic, 119 
Condensers: see ‘Capacitors’ 
Conduct, teacher’s, 167-8 
Conduction, of electricity through 

gases, 327 

—, thermal, 251, 305-6 
Conductivities, table of, 379 

—, thermal, 305-6 

Conductors, sizes of flexible, 382 
Constants, table of, 386 

Continuity of thought, 27  * 
Convection, 252 

—;, lesson on, 21-3 

Conventions, diagrammatic, 176 
—^1 Optical sign, 57-9 " 
Conversion factors, table of, 385 » 
Cooling curves, 249 

Copernicus, 80 + 
Corks, 119 

—5, fitting and removing, 103 
Courses, advanced, 291-332 

—, elementary, 227-66 

—, main subject, 267-90 
Craftsmen, local, 140-1 

— or teachers? 115-16 

cue centimetres and millilitres, 131— 


Cupboards, heated, 123 
—, laboratory, 121-3 
Cuts, treatment of, 107 


Dalton plan, 51 

Danger in laboratory, 100-6 

Darkroom, 154 

Dates in the history of science, 333-5 

Daylight; 142-3 

Deductive method, 20, 34-5 

Definitions, 51-2 

Demonstration bench, 
150-2 

— methods, 97-9 

Densities, 235-6 

—, tables of, 369 

Density bottles, 118-19 

— determinations, 229, 231 

Dewpoint, 250 

Diagrams and charts, 199-202 


123-4, 143, 


INDEX 


Diagrams, conventional symbols in 
electrical, 176 

3—, copying of, 201-2 

—, display of, 158, 200 

—, drawing of, 173-5 

—, labelling of, 174 

Diffraction, 317 20 

Diffusion of liquids and gases, 2//, 
295 

Dimensións, methcd of, 299 

— of laboratories, 133-4, 159-61 

Dip circle, 320 

Discipline, 100-3 

Discussions, suggestions for, 85-6 

Dispersion «of light, 257-8 

Dimersive power, 315 


Display, of charts and diagrams, 158, 
" 200 


Doors, laboratory, 141 


* Doppler effect, 310 


Drainage, laboratory, 142 
Drawers, laboratory, 121-3 
Drawing of diagrams, 173-5 
Dynamics, 56, 271-5, 291::6 
Dynamos, 288-9 


Earthing, of electric current, 104-5 
Echoes, 244 , 

Efficiency, mechanical, 238-9 
Elasticities, table of, 370 

Elasticity, 296 9 
Electric plugs and sockets, 104, 148- 
— shock, 104 

— —, treatment of, 109 

Electrical apparatus, 105 

— —, ordering, 120 

— constants, 382-4 

— measurements, 285-6, 323 
Electricity, 63-9, 260-6, 284-90, 319- 


—, chemical effect of, 261-2, 287-8 

—, earth connexions for, 104-5 

—, heating effect of, 261, 286-7 

—, high voltage supply, 104, 148 

—, laboratory use of, 147 

—, low voltage supply, 105, 148 

—, magnetic effect of, 260, 261, 284 

— mains supply, 104-5, 148 

— points for, 104, 148-9 

—, precautions in use of, 104-5 d 

—, rationalization of formulae an 
units, 67-9 

Electro-chemical equivalents, table of, 


Electrolysis, 261-2, 287-8, 324 
Electromagnetic induction, 266, 288, 


— units, 63-6, 262-5, 284, 321, 323, 
329-30 


ч 


о 
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Electromotive force of cells, table of, Floors, laboratory, 141 
Flotation, 236 


Electrons and atoms, 71-3 о Force, 236-7, 274-5 
Electrostatics, 65, 71, 320-1 —, centripetal, 292-3 
—, units, 65, 321 Frequency, 244-5, 309 
Elements, densities of, 369 Friction, 239-40, 267-8 
Energy: see ‘Work’ Fringes, interference, 59-62, 316 
—, electrical, 263 Furniture, laboratory, 132-64 
—, lesson on transference of, 21:4 Fuse holders, 149 
—, radiant, 252-4» Ы — wires, fusing currents of, 383 
Epidiascope, 206-7, 209 Fuses, 265 9 
Брвсоре 205-1 dos = 

quation$, and graphs, 96-7 " Galileo, 81, 272 
—, of motion, 273-4 er oq) dis 212 
Equilibrium and stability,268-9 ec Wc qud ll 
>, шпег parallel forces, 240-2 f = tangent. 322 
Equipment, essential, 117 Gas fittings, ordering, 120-1 
—, improvisation of, 111-17 „х= trol-air. 146-7 ji 
— laboratory, 111-21, 347-62 pP V T4657 
— fist РР obtained, 350-2 = taps, 147 
—, locally obtained, - Ч Ж Y 
Errors, experimental, 90-1 bg ет, n 8 
Essays, suggestions for, 85-6 Gases, densities of, 369 
Evaporation, 249 " —, liquefaction of, 305 
Events, in history of science, 333-5 — specific heats of, 373 
Examinations and tests, 181-9 Gud SCÍSDOS 13-14 
— external, 188-9 Generators, A.C. and D.C., 288-9, 325 
Excursions, 77, 191 Glass stoppers, 125 
Exhibitions, science, 191-2 E IR 
Expansion, table of coefficients of, ____ КОЕ» of, 103 
— thermal, 246,278 ma 
Expeditions: see ‘Visits’ Gramophone, uses of, 205 
Erpinen allocation of, 92-4 Graphs 95-7 a 
—, dangerous, 105- Greck philosophy, 78-9 
—, demonstration, 97-9 Group work, 158-64 


—, description of, 91-2 
—, individual, 87-98 


—, organization of pupils’, 87-95 Hare's apparatus, 231 
—, readings and results of, 88-90 Heat, 44-7, 57, 245-54, 278-81, 299- 
—, research-type, 94-5 307 уй 

—, and electricity, 261, 286-7 


Eye, the, 256-7 


Eye injuries, treatment of, 108 —;, and work, 250-1, 281, 301 


—, tables of constants, 371-9 


Factors, conversion, 385 —, teaching of, 57 
—, units of, 246-7, 301 


Fainting, treatment of, 109 nits 
Faraday’s laws of electrolysis, 63 Heuristic method, 32-4 
Historical method, 35-8 


Faucets, 145 i : 
Film, ciné, 212-25 History of science, 78-81 


— ]oop, 216 Hooke's law, 296 


— projectors, 206-25 Horse-power, 243 
— strip, 209-12 Humidity, relative, 250 


Fire, dealing with, 106 —, tables of, 376-7 


First-aid kit, 367 Huyghen’s principle, 315 7 
— treatment, 107-10 Hydro-electric scheme, project on, 
341-6 


Fittings, laboratory, 132-64 | 
Flannelgraph, 197-9 Hydrostatics, 230-6 

Flasks, 144, and see *Glassware" Hygrometers, 250 

Flex, sizes of, 382 Hypotheses, in science, 51-3 


390 


Improvisation, of apparatus, 111-17 

Individual practical work, 87-99 

———, ааш 97-9 
nduction coil, 266, В 

de electromagnetic, 266, 288, 325 
Inductive method, 20, 28, 32 

Inertia, 274-5 

—, moment of, 295-6 

Infra-red, 284 аф 
Interest, arousing and maintaining, 3, 

31 

Interference, optical, 59-62, 316:17 

Inverse square law, electrostatics, 321 

— — —, magnetism, 319 

— — —, Optics, 318 

Ionic theory, 34, 71, 73, 324 
Isothermal changes, 304 


1, determination of, 281, 301 


Kater pendulum, 296 
Kepler, 81 


Kinetic theory, 34, 45-6, 71, 281, 303 
Kundt’s tube, 308-9 


Labels, in drawings, 174-5 
—, on bottles, 125 
Laboratories, 132-64 
—, advanced, 153 
—, number of, 133-4 
—, size of, 133, 163 
Laboratory, artificial lighting in, 143-4 
— assistants, 128-31, 363-6 

— benches, 149-53 

— blackboards, 143, 156-7, 195-7 
— ceilings, 141 

— cupboards, 121-4 

— darkroom, 154 

—, daylight in, 142 

—, design of, 132-64 

—, display space in, 158 

— doors, 141 

— drainage, 142 

—, electricity in, 147 

— fittings and fixtures, 142-64 
— floors, 141 

— gas supply, 146-7 

— layout, 135-9, 158-64 

—, practical work in, 87-99 

— roofs, 141 

— sinks, 144-5 

— still, 157 

— stools, 157 

— storage, 103, 154 

— Suspension beams, 157 

— technicians, 128-31, 363-6 

— ventilation, 139-40 


a 


INDEX 


Laboratory walls and framework, 141 

— waste disposal, 145-6 

— water supply, 144-5 

— windows, 142 

Lag and lead, 226. s 

Lamp, galvanometer, " 

Tennis and science teaching, 167-8, 
169— 

Later? heats, 25 

— —, tabie of, Ч 

Law of cooling, Newton's, 300, 306 

Laws, Newton's, 236, 275, 291 i 

—~of science, 53, and see under speci 
name, e.g. “Boyle’s law 

Lay-out of lesson, 29, 30 

Lecéire rooms, 155 


,Lenses, 255-6, 282-3, 312-14 


—, lesson on, 24-7 

г, Projector, 208-9 

—, purchase of, 119 

—, Spectacle, 257, 313-14 

—, Storage of, 126 

—, thin, formulae for, 312-13 

Lesson, lay-out of, 29-30 a 30-2 

r planning and preparation, Ш 
7 


Lessons, film, ‘on body temperature’, 
220-3 е 


— —, ‘on sound waves’, 218-20 

—, lay-out of, 29-30 

—, on convection, 21-3, 28 

—, On lenses, 24-9 

—, preparation of, 165-7 

Levers, 55, 237-9, 240-1 in, 178- 

Library, school science books in, 1 
180, 336-40 

Light, 57-62, 254-9, 281-4, 310-18 

— box, 114 е 

—, velocity of, 315 

—; — —, value, 386 

~ Wave theory of, 315-16 

Lighting in laboratory, 142-4 

Limitations of science, 6-8 

Liquefaction of gases, 305 

Liquids, densities of, 369 

— Pressure in, 230-2 _ 

=, treatment of spilt, 106 

Lists, books, 336-40 

—5 events, names and dates, 333-5 

—, first-aid, 367 47- 

ES еа and apparatus, 3 


—, tools, 348-9 
Local purchases, 121 


Machines, 237-9 

Magazines for library, 340 
Magnetism, 259-61, 284, 319-20 
Magnetometry, 319-20 


INDEX 


Mains services, laboratory, 104-5, 
144-9 

Maintenance of apparatus, 124-7 

— of film projectors, 223-5 

Manipulative skill, 115-17 

Marks and marking, 181-9 

Mass, 227, 274-5 

Materials, list of, 347-8 

Mathematics, 54-5 

Measurements, 227-8 

—, accuracy of, 90-1: 

—, electrigal, 285-6, 323 

—, of frequency, 309 ° 

—, of heat, 246-7 

—, of temperature, 245-6°299-300 

— of wave-length, 316 ? 

‘Meccano’, 203 A 

Mechanical advantage, 237-9 

— equivalent, 281, 301 

Mechanics, 
291-6 H 

Melting points, 249 

——, table of, 372 

Mental pictures, 34 

Meteorology, 192 

—, humidity tables, 376-7 

Method, assignment, 49-51, 158-64 

—, biographical, 38-95 

—, Daiton plan, 51 

—, deductive, 20, 34-5 

—, demonstration, 97-9 

—, group work, 158-64 

—, heuristic, 32-4 

—, historical, 35-8 

—, ‘how does it work?', 40-1 

—, inductive, 20, 28, 32 

—, laboratory, 87-99 

—, project, 19, 158-64 

—, scientific, see ‘Scientific method’ 

—, ‘topic’, 13-14 

Methods of teaching, 28-41 

Microscope, 283, 314 

Millilitres and cubic centimetres, 131-2 

Mirrors, curved, 119, 311 

—, plane, 119, 254—5 

M.K.S. system, 64-9, 328-32 

Models, 203-4 

Modern concepts, 70-5 

Molecules, kinetic theory of, 45-6, 71 

Moment of inertia, 295-6 

Moments and parallel forces, 240-1 

Motors, electric, 289 

Musical scale, 381 

Newton, 81 

Newton's law of cooling, 300, 306 

— — — motion, 236, 275, 291 

— rings, 316-17 

Non-specialist science, 76-86 


o 


S 
E] 


0 
54-6, 227-43, 267-75, 


o 
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Notes, pupils', 175-7 
—, teacher's, 165-6 
Numerical examples, 55 


Ohm, the, 265 

Ohm's law, 265 

Optical instruments, 283, 314 

— sign conventions, 57-9 

Optics, 57-62, 254-9, 281-4, 310-18 
Ordering materials, 120-1 

Osmosis, 277, 2990 


o 
Paper, locally obtained, 350 


gParallelogram law, 268-71 


Pendulum, compound, 296 

—, simple, 228, 294-5 

Periodicals, science, 340 ‘ 

Petrol-air gas, 146 

Phlogiston theory, 36 

Photographic club, 192 

— darkroom, 154 

PHotometry, 318 

Physica? data, 368-86 

Pictures and post cards, 202-3 

Planning, of a lesson, 30-2 

Plugs and sockets, 104, 148-9 

Poisoning, treatment for, 108 

Polarization, 317-18 

Potential difference, 263-4 

Potentiometer, 285 

Power, electrical, 65, 265 

—, mechanical, 243 

Practical tests, 182, 184 

— units in electricity, 63-9, 262-5, 284, 
322, 323, 329-32 

— work, 6, 87-99 

Preparation of lessons, 165-7 

Pressure, and boiling point, 249 

—, atmospheric, 232-3 

—, in liquids, 230-2 

— of water vapour, 374 

Pre-university work, 42-53 

Prévost's theory of exchanges, 306 

Primary cells, 264 

Principles, 5, 8 

Problems: see "Tests" 

Project method, 19, 158-64, 341-6 

— —, in electricity, 341-6 

Projection apparatus, 206-25 

— room, 155-6 

— screens, 207-8 

Projectors, 206-25 

—, epidiascope and 34-inch slide, 
209 


—, episcope, 206-7 

—, film, 212-13, 223-5 

— —, maintenance and use of, 223-5 
—, film-strip and 2-inch slide, 209 
Properties of matter, 275-7, 296-9 


392 


Pumps, 233-4 f 

Pupils, assistance of, in demonstra- 
tions, 99 Lb 

—, estimating abilities and knowledge 
of, 181-9 $ 

—, laboratory rules for, 102-3 

^—, note-taking by, 175-7 

—, written work of, 169-80 


Quality of apparatus, 118 
Quantity of heat, 246-7 ъ 
Quantum theory, 74-5 
Questioning, oral, 183 


Radiation, 252-4, 284 

— spectra, chart of, 380 

Random errors, 90-1 

А ionalization of electrical units, 67— 


Real-positive convention, 57-9 
Rectilinear propagation, 254 . 
Reflection, of light, 254-5, 311-12 

—, of sound, 244 

Retraction, 255, 281-2, 310, 312- 


Refractive indices, table of, 379 


Relative humidity, tables of, 376-7 
Relativity, 74 


Renaissance, the, 79-80 
Research-type experiments, 94-5 
M electrical, 265, 284-5, 323, 


— glass, 118 

Resistances, tables of, 382 

Resistivities and temperature coeffi- 
cients, tables of, 383 

Resistivity, 284-5 

Resolution of forces, 270 

Resonance, 245 

Respiration, 13-14 

Restitution, coefficient of, 291 

Results, tabulation of, 88-90 

Rise of science, the, 80-1 

Roofing materials, 141 

Root mean square values, 289, 325 

Rotation of rigid body, 295-6 

Rubber, care of, 126 

—, purchase of, 119 

Ru for the laboratory, pupils’, 102- 
10. 


~= m teacher's, 101-2. 


Saturated vapour pressures, table of, 
374 


Scalds, treatment of, 107 


School library, science books in, 178- 
180, 336-40 


INDEX 


Science, and attitude to life, 3 
— and interest, 3 
*— and superstition, 3 
— and the Community, 4 
— and truth, 7, И 
— and vocation, R 
— as a non-specialist subject, 76-86 
—, assumptions in, 51-3 
— ЫК, a, 134 
— clubs and societivs, 190-4 
—. general or specialized?, 13-14 
—, history of, 35-8, 77-81, 333-5 
—, hypotheses, іп, 51-3 © 
—, md of, БЕ 
—, method:of, 5, 9— 
—,need for knowledge of, 4, 70, 76 
—, Social results of, 84 
'—, unity of, 13 
Scientific language, 169-73 
— method, 5, 9, 10, 55, 81-4 
Screens, projection, 207-8 127 
Seconds cells (accumulators), , 
64 
Sectional drawings, 173-5* 
Shock, electric, 109 
—; treatment for, 109 
Side benches, 152-3 
Sign conventions, optical, 57-9 
Significant figures, 90 " с 
Simple harmonic motion, 55, 
293-4 
— pendulum, 228, 294-5 
Sinks, laboratory, 144 
Siphons, 235 
Slides, use of, 211 
Social results of science, 84-5 
Societies, school science, 190-4 
Solids, densities of, 369 
Sound, 56-7, 243-5, 277, 307-10 
—, table of velocities of, 381 
—, velocity of, 244, 277 
— waves, film lesson on, 218-20 
Specific gravity, 229-31 
— — bottles, 118-19 
— heat, 246—7, 280, 300, 372-3 
— heats of gases, 304, 373 
— —, tables of, 372-3 ion 
Spectra, emission and absorption, 
283-4 


115, 


—, radiation, chart of, 380 

—, table of emission, 381 
Spectrometer, 283, 314 

Speech, teacher's manner of, 167-8 
Springs, 115, 294 

Stability and equilibrium, 268-9 
Stands and clamps, 119 

—5 Storage of, 122 

Statics, 56, 236-42, 267-71 
Steam-can, 113 


INDEX 


Stefan's constant, value of, 386 

— law, 306 

Still, distilled water, 157 о 

Stock, ordering and maintenance of, 
117-27 

Stock book, 129, 365-6 

Stools, laboratory, 157 

Stoppers, glass, 125 

Storage, organization of, 103, 14-7 

— room, 124, 154° E 

Style, pupils’ written, 169-173 

Surface tension, 275-6, 298-9 

— —, val@es of, 370 

Suspension beams, 157 

Switches, electric, 105, 2652 

Syn 11-19, 227-332 

—, advanced, 291-332 

—, aims in compiling as 11-13 

—, arrangement of, 14-17 é 

—, concentric arrangement of, 12- 


f 


° 


15 
—, elementary, 227-66 
—, examination, 17 
—, GeneralsScience, 13-14 
—, middle school, 267-90 
Symbols, conventional electrical, 176 
Systematic errors, 90-1 


o 


o 

Tables, pupils’, 150 

Tabulation of readings, 88-90 

Talks, for science clubs, 191 

Tangent galvanometer, 322 

Tape-recorder, 204-5 

Taps, gas, 147 

—, water, 145 

TM laboratory, for pupils, 127, 
1 s 


Teacher, conduct of, 167-8 

Teaching aids, 195-225 

— methods: see ‘Methods’ 

Telephone and microphone, 290 

Telescope, 283, 314 

Television, 204 

Temperature, 245-6, 299-300 

—, absolute, 279 

—, ‘body’, film lesson on, 220-3 

ECL of resistance, table of, 
83 

—, scales of, 245, 299 

Testing, 181-9 

Tests, completion, 183 

— , correction of, 187-8 

—, importance of, 181 

—, marking, 183-6 

—, numerical, 186 

—, oral, 183 

—, practical, 94-5, 182, 184 

—, short answer (point), 183 


о 
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Tests, types of, 182 
Text-books, 177-8 
Theories, place in teaching, 34 
Thermal conduction, 251, 305-6 
— conductivities, table of, 379 
— expansion, 246 
Thermionic tubes, 327 я 
"TThermo-electricity, 324 
Thermometry, 245, 299, 324 
Tools, list of, 348-9 
Transference of enzrgy, lesson on, 21- 

24 o 
Transformers, 266, 289 

riangle of forces, 271 
Tripods, 114, 119 
Tropical conditions, and laboratories, 

139-64 
— —, care of apparatus in, 124-5 
— —, purchase of apparatus for, 120- 
121 
— —, ventilation in, 139-40 
Tübing, glass, 118 
о 


3JItra-violet, 284 

Units, electrical: see *Electromagnetic 
units’, ‘Electrostatic units’, ‘Practical 
units’ 

— of heat, 246-7, 301 

— of length, etc., 227 ` 

Unlearaing, 63-4, 279 


Values, R.M.S., 289, 325 

Valves, thermionic, 327 

Vapour pressure, saturated, tables of, 
374 

.Vapours and vapour pressure, 281, 


304 
Vectors, 268-71 
Velocity, and acceleration, 271-4 
—, of light, 315 
— of sound, 244, 277, 307 
— ratio, 237-9 

Ventilation, 139-40 
Vibrations, sound, 245, 308-10 
Viscosity, 276, 296-7 
— of water, values of, 371 
Visits, outside school, 77, 191 
Visual aids, 206-25 
Vocational training, 4 
Volt, definition of, 64, 263 
Voltages of cells, 384 
Voltmeters, 64 


Walls and framework of laboratories, 
141 

Waste disposal, 145-6 

Water, boiling points of, under pres- 
sure, 374-5 
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Water supply and sinks, 144 
— taps, 145 
Wave-length, measurement of, 316-17 
—, of emission spectra, 381, 

уе theory of ligi 
р — sound, 243-4 307-8 
Weights of water in saturated air, 
' tables of, 375 ^ 


Wheatstone bridge (metre wire), 113, 
286 


Windows, laboratery, 142 


Wires, electrical, resistances of 382 
Wiring, electrical, 265 


Work, and heat, 250- 1, 281, 301 © 


Work, mechanical, 237, 242—3 
—, pupils" written, 169-80 

„Workshop, laboratory, 154 

Written work, 169-73 


X-rays, 327 
—, sources of, 106 


Youñg’sfringes, 60 -2, 316 
— modulus, 296 


— —, values of; 370 


М Ziro, absolute, 279 
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